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INVESTIGATIONS IN MATHEMATICS EDUCATION 



Spring 1975 



Mathematics Education Research. Studied Reported In R^aearcj^ 

In Educatloj^ (January - March, 1975) 1 

Mathematics Education Research Studies Reported In Journals 

as Indexed by CUE (January - March, 1975) 3 

Bass* Helen.. Topological Understandings of Young Children.. In 
Jcosflkopf, M. F* (ed.) Children's Mathematical C<>nceptsi Six 
Plagetlan Studies In Mathematics Education * New Yorkt 
teachers College Press, 1975. 

Abstracted by J. LAEKY MARTIH 5 

Bowers, Robert Garth. The Effect of Trlangle-Palr Configuration 
Variation on Achievement of Selected Classes of Instructional 
Objectives In Plane Geometry. Journal for Research In 
Mathematics Education ^ v4 n2j ppll0-113j March 1973. 

Abstracted by NORMAN L. wEBB- 9 

Bralnerd, Charles J. The Origins of Number Concepts. 
Scientific Aiperlcait ^ v228 n3, ppl01"109, March 1973. 

Abstracted by JANE 0. SWAFFORD 13 

Carroll^ C. A. Low Achiever's Understanding of Logical Inference 
Fonns. In Kosakopf, M. F. (ed. ) Children's Mathematical 
Concejptsi Six Plagetlan Studies In Mathematics Education . 
New Yorkt Teachers College Press, 1975. 

Abstracted by LARS C. JANSSON lb 

DeVrles» D. L.; Edwards, K. J. Learning Cames and Student Tean^t 
Their Effects on Classroom Process. American Educational 
Research Journal . vlO^ pp307-318. Fall 1973. 

Abstracted by ROBERT KALIN 1^ 

Gregory^ John \f^i Osborne » Alan R. Logical Reasoning Ability and 
Teacher Verbal Behavior Within the Mathematics Classroom. 
Journal for Resaarch In Mathematics Education ^ v6 nlj pp26-36, 
January 1975. 

Abstracted by THOMAS J. COONEY 23 

Jerman^ Max. Individualized Instruction In Problem Solving In 
Elementary School Mathematics. Journal for Research In 
Mathematlca Education* v4 nl^ pp6-19f January 1973. 

Abstracted by GERALD A. gOLDIN 27 

Johnson^ David C. Learning of Selected Parts of ^ Boolean 

Algebra by Young Children. In Steffe, L. P. (ed. ) Research 
on Mathematical Thinking of Young. Chlldreni Six ^g&irlcal 
Studies . Restoti, Vlrglnlat NCTM, 1975. 

Abstracted by JOHN R. KDLB 31 
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Justt ^* A.; Carpenter^ P^^ A.. Comprehend Ion of Negation and 
Quantification.. Journal of VerbaJy Leamin.£ and Verbal 
Behavior . vlO, pp244-253, 1971. 

Abstracted by ROBERT B. KANE 34 

Hlllert Scott A.. Contradiction* Surprise* and Cognitive Change: 
The Effects of Disconflnoatlon of Belief on Conservers and 
Non cons erve r s * Journal of Experimental Child Pavchology » 
vl5 nlj pp47-62j February 1973. 



Abstracted by J. DAN KNIPONG 37 

Montgotaery* Mary The Interaction of Three Levels of Aptitude 
Determined by a Teech-Test Procedure with IVo Treattoents 
Related to Area. Journal for Research In Mathematics 
Education ^ v4 n4t pp271-278t Novei^er 1973. 

Abstracted by AARON D. BUCUAHAH 41 

Phillips* Kobert B. * Jr. Teacher Attitude as Related to Student 
Attitude and Achievement In Elementary School Mathematics. 
School Science and Mathen>i^tlcs > v73 n6, pp501'-507t June 1973. 

Abstracted by RICHARD H0NKLER 45 



Roniiergt Thomas A.; Shepler* Jack. Retention of Probability 

Conceptst A Pilot Study Into the Effects of Mastery Learning 
with Sixth-Grade Students. Journal for Reaearci* In Mathematics 
Education . v4 nl, pp26"32, January 1973. 



Abstracted by PAUL R. TRAFTON 48 

Taback^ S. The Child's Concept of Limit. In Rosskopf* M. F. (ed.)* 
CMliren's Mathematical Concepts: Six Plagetlan Studlea In 
Mathematics Education . New York: Teachers College Press* 1975. 

Abstracted by JOHK G. HARVETT 51 

Taloumis* Thalia. The Relationship of Area Conservation to Area 

Measurement as Affected by Sequence of Presentation of Plagetlan 
Area Tasks to Boys ^nd Girls In Grades One Through Three. 
Journal for Research In Mathematics Education * v6 n4, 
pp232-242, November 1975* 

Abstracted by LESLIE P. STEFFE 55 



tfeame* Diana; Whltaker* Donald; Romberg* Thomas A. Study II — An 
Investigation of Three Different Response Formats for a IVo- 
Digit Addition and Subtraction Test. In Koi^erg* Thomas A. (ed.)* 
Pbur Studies on Aspects of Assessing Compute j:lonal Performance. 
Technical Report No. 297 . Wisconsin Research and Development 
Center for Cognitive Learning* The University of Vlsconslii*' 
Madison* July 1975. 

Abstracted by BARBARA J. PENCE *....*.. .58 

tfebb* Leland F. ; Carry* L. Ray. Interaction of Spatial Visuali- 
zation and Genersl Reasoning Abilities with Instructional 
Treatment In Quadratic Inequalltlest A Follow-Up Study* 
Journal for Research In Mathematics Education ^ v6 n3* 
ppL32-l40* May 1975. 

Abstracted by CLYDE A. WILES. . * 61 
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Weltz, Lawrence J*; Bynum? terreLl Ward; Thomas, James A- ; 

Steger, Joseph A« Plaget's System of 16 Binary Operations: 
An Empirical Investigation. The Journal of Genetic 
Psvcholoev , vl23, pp279-284» 1973. 

Abstracted by SUZAIWE dahIRIN and RICHARD J- SHUMWAY 
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MATHEMATICS EDUCATION RESEARCH STUDIES REPORTED IK KESEAKCH IK EDUCATIOK 

January - March 1975 



ED 095 829 Fisher* Maurice D. ; And Others. Student ConiroL and Cholcfti 
Their Effects on Student EnRafiemeot la a CAl Arithmetic Task in 
a Low-Income School. Technical Report Ko. 41. 30 p. HF and HC 
available from EDRS. 

ED 095 871 Patterson, Eldon. An Evaluai^lon of Prolect PLAN . 450p. 
MP and HC available from EDRS 

ED 096 100 LaytOdf David, Comp. A List of Theses for Higher Deitrees 
in British Universtttes Completed 1968* 1969* 1970* and 1971. 
24 p. MF and HC available from EDRS. 

160 Eisenberg, Theodore A. An Analysis of Comoutational Error* 
Made by Teachers of Arithroetici 1930* 1973 . 16p. MF and HC 
available from EDRS. 

334 Evans J Charles L. A Comparison of ^'Continuous Progress*' 
and "Traditional" Classes in Three Middle Schoolm . 103p. 
MF and HC available from EDRS. 

049 Moore* Claude. A fii^udv of the Effectiveness of the Develop- 
mental Mathematics Couraes at Danville ^ppiurtliiv College . 20p. 
MF and HC available from EDRS. 

205 Groen^ Guy J. Basic Procesa^s In SiPg^le Problem Solving. 
Finaj^Report . 16p. MF and HC available from EDRS. 

225 Suydam* Harllyn K. A Categoriged Listtn& of Research op 
Mathematics Education (K-12) 1964-1973 . 364p. MF and HC 
available from EDRS. 

229 Bell* Harilee; Starlcey* John The R^lationahiP Between 
Parent's Education and Performance on Math and Reading. Testa , 
lop. MF and HC available from EDRS. 

ED 097 231 Cray, T. Harrison! And Others. S^eed and Accuracy of 
Addition In Kotmal Time and Decimal Time Systems . 37p. 
MF and HC available from EDRS. 

ED 097 290 Schallj William E. ; And Others. Developing Mathematical 
Processes fDMP>. Field Test Evaluation. 1972-1973 . 49p. 
MF and HC available from EDES. 

ED 097 910 Ketu3il» Anton 3*1 Kockler* Lois H. CAli Overcoming 
Attitude Barriers . lOp. MF and HC available from EDRS. 

ED 098 048 Hollingsworth, Caroline Dean. A CoTOarison of Verbal and 
Nonverbal laatruction in Elemental School Mathematlcs^ . 150p. 
Not available from EDRS, Available from University Microfilms 
(74^6594). 
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ED 098 049 Burke, Gerald Clayton, f ^ff ^ StodiAi of High School 

Students Uslne Physical Models, to Study Mathematicel SVBtema . 
74p. Not available from EDRS. Available from University 
Microfilms (74-6013). 

ZD 098 050 Harutunlan, Harold. Validation of a Learning Hierarchy 
Usln& Clflflsrootti interaction . 173p. ifot available from EDRS. 
Available from University Microfilms (74-7621). 

ED 098 051 Ladd, Noiman Elmer. The Effects of Eleri-rif^ Calculafrorp 
on Attitude and Achievement of Klnth Grade Low Aohlevers lo 
K%thematlcs. 126p. Not available from EDRS. Available fro^n 
Uelveralty Microfilms (74-6225). 



ED 098 052 Roderick, Stephen Alan. A r^miarafriv* Study of Mathematlcg 
Achievement by Sixth Graders and gl j ft^ Graderj, 1936 to 1973 * 
1951-55 to 1973^ and 1965 to 1973 ^ 373p. Not available frota 
EDRS. AvalUble from University Microfilms (74-7423)* 

ED 098 053 Brown, John Kenneth* Jr. Tejctboolt Use bv TeatJiers and 
Students of Geometry and Second-Ygar Alg^brA. 17 7p. Not 
available from EIAS. Available from University Microfilms 
(74-5534)- 



ED 098 054 Kidder* F. Richard. An Inveatlaatlon of Nlne^ Eleven-^i 
and Thirteen- Year-Old Chlldren'M comprehension of Euclidean 
Transformations . 25p. MF and HC available from EDRS. 

ED 098 081 Perelra, Waldecyr Cavalcantl De Araujo. The Relationship 
Between Girls' Overt Verballgatlont Performance^ Retention * 
Rulea and Stratg&les as They Learn a Mathematical .Stmcturei A 
Study Baaed on Elements of a Poi^eni^lal Theory Which Relates 
Thinking* Language and Learning. TetJinlcfl] Report No. 293. 
170p* MF and HC available from EDRS. 

ED 098 254 Bablklan, Elijah; Buchanan* Aaron. Developing a System of 
Criterion Referenced Asseasment-Ri^teachlngL Cycles In Textbook 
Suppor^A d Mathematira Ingtrurfrion . 22p. MF and HC available 
from EDRS. 
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MATHEMATICS EDUCATION RESEARCH STUBIES REPORTED IN JOURNALS AS INDEXED BY 
CURRENT INDEX TO JOURNALS IN EDUCATION 
January - March 1975 

EJ 104 714 Gyt, J. W. t And Others. "Do Mathematical Group Invariants 

Characterize the Perceptual Schema of 'lounger and Older Children?^* 
Human DevelopmePt > vl7 n3j ppl76-186, 74. 

EJ 105 676 Engin, Ann "The Relative loaportance of the Subtest* of 
the Mietropolltan Readiness Test in the Prediction of First Grade 
Reading and Arithmetic Achievement Criteria." Journal of Psycho- 
logy . v88, pp289^298» Nov 74. 

EJ 105 913 Goodstein* H. A.; Kahn, H. "Pattern of Achievement Aw)ng 
Children With Learning Difficulties/" Exceptional Children , 
v41 nit pp47-49j Sep 74. 

EJ 105 960 Thibodeauj Gerard P^; Vitello^ Stanley J. "The Use of 

Progrannaed lEistruction in Developing the Computational Skills 
of Mentally Retarded Children." Journal of Mental Retardation ^ 
viz n4f pp46-48, Aug 74. 

EJ 106 359 tCeralake^ Daphne. "Some Chlldrens Views on Probability." 
Mathematics in School . v3 pp22t Jul 74. 

EJ 106 368 Bailey, Terry G. "Linear Measurement in the Elementary 
School." Arithmetic Teacher ^ v21 n6t pp520-525t Oct 74. 

EJ 106 393 Karplusj Elizabeth F. ; And Others, "intellectual Develop- 
ment Beyond Elementary School IV: Ratio* The Influence of 
Cognitive Style." School Science and Mathematics t v74 a6, 
pp476-482j Oct 74. 

EJ 106 400 Okey, James "Altering Teacher and Pupil Behavior with 
Mastery Teaching." School Science and Mathematics . v74 n6t 
pp530-535t Oct 74. 

EJ 106 468 Roberts, A. M. "Modem Versus Traditional Mathematics." 
Australian Mathematics Teacher . v30 n4, ppl39-148j Aug 74. 

EJ 106 492 Wittrock, M. C. "A Generative Model of Mathematics 
Learning. " Journal for Research in Mathematics Education . 
v5 n4, ppl81-196, Nov 74, 

EJ 106 493 Shtinway, Richard J. "Negative Instances in Mathematical 
Concept Acquisition: Transfer Effects Between the Concepts of 
Comrautatlvity and Associativity." Journal for Research in 
Mathematics Education ^ v5 n4, ppI97-212, Nov 74. 

EJ 106 494 Dahlke, Richard Mi "Determining the Best Predictors of 

Success and of Time ^f Campletio]:! or Dropout in an Individualized 
Course in Arithmetic at a Community College." Journal for 
Researrh in Mathematics Education ^ v5 n4, pp2l3'-223j Nov 74. 
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£J 106 495 Eisenberg, Theodore ; HcGintyt Robert "Oa Comparing 
Error Patterns and the Effect of Maturation In a Unit on 
Sentential Logic." Journal for Research in Mathematics 
Education . v5 n4, pp225'237t Kov 74* 

EJ 106 496 Stiydam, Marilyn Jrf. ; Weaver, J* "Research on Mathematics 
Education <K-12) Reported in 1973." Journal for Research In 
Mathematics Education . v5 n4, pp238-272, Nov 74. 

EJ 106 607 Arter, Judith A.; Clinton, LeRoy. "Time and Error Con^ 
sequences of Irrelevant Data and Question Placement in Arith-- 
luetic Work Problems II; Fourth Graders." Joamal of Educational 
Research , v68 nl* Pp28-31, Sep 74. 
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TOPOLOGICAL UKDERStANDINGS OF YOUKG CHILDREN. Bass, Hftlen. In Ro»«kopf, 

F. (ed* ) Chlldrfen'g Katheoiatlcal Coneet>tSi fii^ Plaeetlfln Studies In 
Mathematics Edueatigfl . New York! Teachers College Press, 1975. 

Expanded Abstract aad Analysis Prepared Especially for X^H.E. by J* Larry 
Hartla, Missouri Southern College. 



1. Purpose 

Tasks were designed to determine Whether or not school grade level 
and socioeconomic climate affect children's understanding of selected 
topological concepts (order, enclosure, equivalence). The author hypoth- 
esized that older children would perform better than younger children and 
that children from a higher socioeconomic climate would perform better 
than children from a lower socioeconomic climate. 



2. Rationale 

Plaget^s theory that topological concepts precede projective and 
Euclidean concepts In the spatial rep tes en tat Ion of che child underlies 
Che study. An overview of Plaget's topological tasks Is followed by brief 
reports of relevant studies. Although some variance from Plaget^a find- 
Ing? exists, replication studies In general tend to corroborate Plaget^s 
assertions. The present study focuses on the child's conception of the 
topological concepts of order^ enclosure^ and equivalence. 

3. Research Pesljin and Procedute 

A total of ISO kindergarten, first-, and second-grade children wete 
tandomly selected from two eastern city schools, 30 from each grade at 
each school. School A was described as middle to upper-middle class In 
socioeconomic level; school B as middle to lowet-middle class. The 
Investigator tested each child Individually, using tasks Intended to 
measure understanding of the topological concepts of order^ enclosure^ 
and equivalence. All tasks were administered at one sitting of 15-20 
minutes. 

Each of the four order tasks required the subject to jaatch the color 
sequence on a model card by selecting fron a collection of choice cards* 
Materials consisted of cards upon which colored disks had been pasted In 
linear sequence* Task one consisted of five model, or sample, cards 
each showing a two^dlsk sequence. They were presented one at a time with 
the Investigator asking the subject » "When. Is this one?" or "Now find 
this card/' from between two choice cards. Tasks two» three, and four 
also had five model cards each, but^ the length of the sequence was In- 
creased to three, five, and seven dlsks^ respectively » and the snbject 
selected from three^ rather than two, choice cards esch time. Each child 
was assigned a score Indicating his nundier of cortect responses (20 
possible). Brief warm-up tasks were used prior to the first task to 
Insure that the child was capable of distinguishing colors and to famil- 
iarize him with the procedures. 
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The same matching- from- sample technique wad used for the equivalence 
tasks.. There were a total of 24 sample cards and for each sample card 
three choices were available.. In each ca^e, ane choice card was topologl- 
cally equivalent to the sample but cione was identical to the ntodel. Ag^i^t 
the child's score indicated number of correct responses (24 possible).. 

iVo orientation activities preceded the enclosure tasks — one to de- 
termine whether or not the subject understood the difference between open 
and closed curves » the other to determine whether or not the subject under- 
stood the difference between the Inside and the outside of the single 
closed curve « 

Three tasks followed the orientation activities. In the first, the 
subject was given a loop of yam and cut-outs of cats ^cid dogs, and asked 
to fix the fence so that neither animal could run away and so that the 
dog could not chase the cat.. If che subject failed this task, the last 
two tasks were omitted.. Successfijl subjects went to the second task and 
were given a third animal, a mouse cut-out, and asked to find a place 
where it could be safe from both the dog and the cat. For the third task 
the subject was to place a fourth animal cut-out, a chicken, where it 
would be safe from the other three animals. Subjects received one point 
for each correct response (3 possible). 

hfedian scores were computed for each concept. A score was considered 
"successful*" if it was greater than or equal to the median. Numbers of 
successful students were contrasted by grade and by school for each con- 
cept. To determine whether differences were significant, confidence 
intervals of 0.95 were computed for the differences using Goodman's 
method (1964). 



4. Findings 

Concept of Order: Contrasts for which the confidence intervals were 
significant were: 

(a) for each school, kindergarten against second grade 
(second grade was higher); 

(b) for each school, the average of kindergarten and first 
grade against second grade (second grade was higher); 

(c) for school B, kindergarten against the average of first 
and second Srade (average of first e^d second grade was 
higher) ; 

(d) for schools combined, kindergarten against first grade 
(first grade was higher); 

(e) for all grades combined, school A against school B 
(school A was higher); 

(f) for kindergarten and second grade combined, school A 
against school B (school A was higher). 
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Concept of Enclosure: All children successfully performed both 
orientAtion activities. Eighty-four percent of the children in school A 
performed All three tasks* Seventy percent of the children in school B 
performed all three tasks. When the classes of the two schools were com- 
binedt second grade was significantly higher than kindergarten. There 
were no significant results pertaining to socioeconomic influence. 

Concept of Equivalence: There were no significant results pertain- 
ing to grade level. When the schools were compared as ^ whole, school A 
shoved significantly better results than school B. 



5. lEite^retatioos 

Results for the concepts of order and enclosure were consistent with 
Piaget^s findings. An understanding of order and enclosure is present in 
tnany children at age five and tends to nature around age seven. The year 
between ages six and seven is especially important. An understanding of 
equivalence does not mature as early. Maturity for this concept occurs 
clotser to the of eight. Socioeconomic climate appears to have aome 
influence on the development of all three concepts. 

In general, both hypotheses of the study were substantiated. In 
addition, the concepts studied seam to develop in the sequence: enclo- 
sure* order* equivalence. 



Critical Commentary 

The study Joes not address itself to the validity of Piaget*s 
hypothesis that topological concepts develop before Euclidean or pro- 
jective concepts in the representational space of the child. Presumedly* 
the hypothesis is accepted, although it is pointed out that Lovell sug~ 
geats it should remain en open question. Many mathematics educators 
agree with Lovell*s suggestion* for a variety of reasons. Perhaps it is 
best not to debate the validity of Piaget*8 hypothesis, but merely to 
accept the child's understanding of topological concepts as worthy of 
study regardless of Piaget*s hypothesis. 

To study the child's conception of space requires that a distinction 
be made between perception and representation. There is no indication 
that the experimenter made this distinction. Indeed* the matchingrf rom- 
aai]q>le technique seems to measure perceptual rather than representational 
apace. Tasks where the subject must transform or construct are more 
likely to measure representation. 

It is not surprising to find older children performing better than 
younger* nor advantaged children better than disadvantaged. Nor is it 
surprising that equivalence should develop later than order and enclosure. 
Equivalence requires keeping all topological properties invariant* thus 
would logically require concepts of order and eqtjivalence . It Is inter- 
esting, however* that the period of transition from the p re-operational 
to the concrete operational cognitive levels was once again found critical. 
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A further note on equivalence: Many of the topological equlvalenta 
could be found only by performing Euclidean transformations » an ability 
developed later according to Plaget. Also, the possibility of using the 
process of ellntinatlon exists on the equivalence test, especially if the 
items were not presented randomly* In oiany caaes the sane set of choice 
cards was used for more than one damplt: card, with each choice card being 
correct exactly once« Evidently the subjects ware told when they had 
selected correctly » at least at the beginning of the task. 

Some other questions: 

(1) Why were 31 contrasts made for each concept* rather than 
using analysis of variance? 

(2) What were the reliabilities for the tests? 

(3) Had any of the concepts been included In the formal education 
of any of the subjects? 

Which items were toore difficult? An item analysis and^ aa 
the experimenter points out^ a discussion of the wrong 
selections would have been helpful* 

J. Larry Martin 
Missouri Southern College 
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EJ 075 351 



SE 506 025 



THE EFFECT OF TRUNGIZ-PAIR CONFIGURATION VARIATION ON ACHIEVEMENT OF 
SEIZCTED CLASSES OP INSTRUCTIONAL OBJECTIVES IN FIANE (SOMETRY. Bowers* 
Robert Oflrth. Journal for Research In Mathematics Educ^tlon t v4 n2, 
ppllO-113, March 1973- 

Expanded Abstract and Anslysls Frepared Expeclally for liM^^En. by Norman 
L. tfebbt Indiana University.. 



1.. Purpose 

TO study Whether Instruction to achieve a aet of objectives expressed 
by using more than one class of congruent trisngle-palr referents trans- 
fers to: 

li the achievement of the same set of objectives expressed by 
using classes of congruent trlangle-palr referents different from 
those used In Instruction; find 

2. the achievement of a different set of objectives over the sme 
classes of congruent triangle^pair referents used in Instruction.. 



2. Rationale 

A Series of studies was conducted under the auspices of an instruc- 
tional research project referred to as the Paradigms Project. The over- 
sll purpose of the studies was to provide Information th^t could be uaed 
to make rational decisions In curriculum construction. Seven of the stud- 
ies conducted were classifieds on the basis of the varlsbles that the 
studies dealt with. Into three subclasses; modes of representation* 
structure of curriculum hierarchies^ and choice behavior.. 

This study Is concerned with perceptusl problems encountered in 
teaching the concept of congruent triangles^ one type of problem within 
the domain of the modes-of-representatlon subclass. JThe study of such 
perceptual problems can be systemstlzed by the use of a two *dlmens ions 1 
scheme^ position X transformatlont used to Identify classes of congruent 
triangle-pairs^ The positions of the two trisngles can be described by 
the number of points the triangles have in common (none* a finite number* 
or an Infinite number) and whether or not the interiors of the trisngles 
overlsp> The four possible transformations of one triangle of a congruent 
pair to the other are translation^ reflection^ rotation* and translation- 
reflection.. 



3.. Research Design and Procedure 

two sets of objectives were Involved In the study.. One set of three 
objectives dealt with the concept of one-to-one correspondence between 
congruent triangles. A second set of four objectives dealt with the 
congruency (SAS* ASA* SSS) postulates. TtfO instructionsl treatments were 
identified: 
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1. A Basic SipgU^Configuration Instructional Treatment - Instruo- 
tioiMil sequences to achieve each objective u*ing only one configura- 
tion class (See Figure la> for the triangle-pair referents. 

2. A Multiconf i&uration Inatructional Treatment - Instructional 
sequences to achieve each objective using an aggregate of four con- 
figuration classes* The classes of triangle-pair referents include 
the saine clasa as used in the single-configuration instruction plus 
three more classest reflected triangles with infinite intersection 
without overlapping interiors (Figure lb); reflected triangles with 
infinite intersection and overlapping interiors; and rotated tri* 
angles with finite intersection without overlapping interiors (Figure 
Ic). 




Translation with' 
Empty Intersection 



Figure 1, Examples 



b. 




Reflection with 
Infinite Intersection 
Without Overlapping 
Interiors 

r Configuration Classes 




Rotation with 
Finite Intersection 
Without Overi.apping 
Interiors 

of Congruent Triangles 



The hypotheses were tested over a criterion configuration class con- 
taining five configuration classes not used in the two instructional 
treatments. These classes included rotated, reflected? ^ind translated- 
reflected congruent triangle-pairs with various degrees, of overlap between 
the triangles. 

Two samples of students were randomly selected from those students 
whose performance on a pretest indicated a lack of attainment of the two 
sets of objectives. Sample Si included 41 students from four ninth-grade 
classes studying geometry in an accelerated program. Sample S2 included 
91 students from four regular tenth-grade geometry classes from a school 
district different from that of sample S]^. Students in each sample were 
randomly assigned to one of six experimental treatment groups defined by 
varying combinations of instructional treatments applied to the i-wo sets 
of objectives « The two samples of students were judged to be nonhomogen- 
ous groups and separate data analyses were performed for each groups 

Modules of Instruction for each objective over the specified config' 
uration class were mediated by an IBM 1500 Instructional System, All 
data were collected from on-line instructional treatments, 
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The M<im-Whitii€y U Xest <€i=*05) was used to test the hypoth^si* that 
the multiconfiguration tteati»ent will produce greater pre-posttest gain 
•core than the single-configuration treatment over the criterion configu-^ 
ratioii class for each objective* For hypotheses with only one instruc- 
tional treatment specified* a control group which received only a basic 
slngle-conf iguration treatment for all objectives pertinent to the hy^ 
potheses was used for comparison. Pass-fail classification of objective 
achievement was used to compare the two treatments. The Fisher and chi 
square tests (^'■*05) were used to test significant differences between 
treatment and control groups for the testable instances of each hypothesis. 



4, Findings 

For the four hypotheses that dealt with the effects o£ various 
multiconf iguration treatments o£ objective sets on the achieveioent » 
Without instruction* o£ these ss w^ll ss other objectives over the cri'' 
terion configuration class » 17 out o£ 17 for am) 14 out of 17 for 
$2 o£ the testable instances were not supported* For the two hypotheses 
that dealt with the effects of various multiconf iguration treatments of 
objective sets on the achievement^ without instruction^ of different ob- 
jectives over the configuration classes within the multicon figuration 
treatment, none of the 11 test instances for either sample was supported* 
All four of the testable Instances for both and S2 were supported for 
the hypothesis that changing the order of the firat two objectives in s 
set of three objectives will not affect achievement without instruction 
of a discrimination objective for the set of objectives over the instruc- 
tional configuration classes. 



5. Interpre tations 

(s) Attributes of both treattnents* single and multi-confuguration 
classes, are highly transferable, without instruction, to like snd 
different objectives over the criterion class of configuration* 

(b) There were no statistical differences between the achievement 
pattern of the treatment groups o^rer the configuration classea used 
in the multiconf iguration treatment* 

(c) Instructional presentation order among the congruency postulates 
(SAS, ASA, SSS) appears to be unimportant* regardless of the instruc- 
tional treatment applied* as ascertained by later achievement com- 
parisons * 



Approaching decision making in curriculum construction in a systematic 
way through a series of integrated studies is a much needed and admirable 
task. The scope and the results of this study must be considered with the 
knowledge that it is one of a series of studies, some of Which are attack* 
ing similar questions. 



Critical Corooientar^f 
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Some qtiestions do arise from the report of this study; 

1^ What was an example of the objectives used in Che study? 

2. What data supported the conclusion that attributes of both 
single and multiconfiguration treatments are highly transferable? 

3^ What were the criteria used to assess the attainment of an 
objective? 

Questions which arise about the conceptualization of the study and 
suggest directions for include: 

1. WhAt was the cognitive level of the objectives used? If the 
objectives were at the Level of knowledge of fact, how would the 
results vary tf higher-level objectives were used? 

2. Were there any aptitude^ treatment interactions? Little infor- 
mation was provided about either sample group<^ With such perceptual 
tasks as used in this study^ spatial abilities may have a strong 
effect on the transfer of Instruction. 

3^ What was the influence of the context in which the objectives 
were presented? Apparently^ the effects of single^ and multiconfigu- 
ration instruction were the same In achieving objectives presented 
in the same mode as the Instruction. But what if the context were 
changed, as, for example, by embedding the use of the objective in 
the process of solving or interpreting a proof? Is there still no 
difference between having experienced only one trlangle-palr refer- 
ent compared to several trlangle-palr referents? 



tlorman Webb 
Indiana University 
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THE ORIGINS OF NUMBER CONCEPTS. Brainerd* Charles J. Scientific 
Aaftrlcan . v226 n3, pplOl-109, March 1973. 



Expanded Abstract and Analysis Prepared Especially for I.M.E. by Jane 0. 
Stfaffordv Northern Michigan University 

1. Purpose 

The purposes of the three studies described aret (1) to investigate 
tha relationship between the emergence of the concept of ordination and 
the concept of cardination in young children * (2) to Investigate the re- 
lation between the emergence of each of these two concepts and competence 
in natural nuvdier computation^ and (3) to investigate the cognitive de- 
pendence among these concepts. 

2. Rationale 

There are two different mathematical theories for developing the 
natural nuvdiers. Onet owing to Frege and Russell* is called here the 
cardlnation theory. The other* called tfie ordination theory* is based on 
the five axioms of Peano. In the cardination theory each natural nuvdier 
n is regarded as the collection ('*Superordinate class**) of all sets 
(''subordinate classes'*) which contain precisely n elements* In Peano*s 
theory natural nuvdiers are placed in a transition* asymmetrical relation. 
Neither theory is mathematically more acceptable tfian the other* Hence* 
theae studies were designed to investigate whether the actual emergence 
of numerical ideas in young children supports one of these two mathemati- 
cal theories. Do children*s number concepts develop via cardination or 
ordination? No previous research is cited. 



3* Research Deai^ and Procedure 

Subjects for the first study were 180 Canadian children between the 
ages of 5 and 7. A two-part ordination test coxtsisted of presenting each 
subject with Cwo clay balls and two dowels to be ordered with respect to 
weight or length by comparing solely to a third middle weight or middle 
length ball or dowel. The cardination test coxtsisted of 6 cards contain- 
ing cwo parallel rows of between 6 and 10 dots* Each subject was asked 
to con^are the cardinality of tfie Cwo rows on each card without counting. 
On both the ordination test and cardination test* tfie subjects were grouped 
according to their perfotmance into Stage I* totally incapable of quanti- 
fication; Stage II* capable of quantification only for '^left less than 
right^' in ordination or for "many- to-one'^ relations In cardination! or 
Stage III* capable of both kinds of quantification. 

The second study involved 50 kindergarten and 90 first-grade subjects. 
In addition to the ordination and cardination test described ai>ove* the 
first-grade students were given an addition facts test and a subtraction 
facts test. The kindergarten students were given only the addition test. 
Students were again sorted into three stages with respect to the ordina- 
tion and the cardination tests. Students were additionally sorted into 
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thr«« levels of numerical skill. As with the first study* coti^ftrison* 
were made between the nunber of children at e«ch level on the ordination 
and cardination test. Further analysis was made of the cooqf^osition of 
each level with respect to the levels of performance on the other tests. 

The third study involved 240 subjects between the ages of 5 and 6 
divided into four matched groups (2 control^ 2 experimental) on the basis 
of performance on the three testa described above. Over an 8-weeIc period* 
one experimental group was given corrective feedback during a weekly 
cardination test and the other experimental group received corrective 
feedback on a ordination test. The control groups were given weekly tests 
without feedback* original ordination^ cardination^ and computation 

tests were then readminiatered* Pre- and post-test results by group were 
given* Statistical analyses of the results^ although used» were not re* 
ported* 



4* Findings 

In the first study* 24» 63* 93 of the subjects were functioning 
respectively at Stages I* II and III on the ordination test» whereas only 
92* ?Zt 15 were at similar levels on the cardination teat. Of the 93 sub- 
jects at Stage III in ordination* only 12 were at Stage III in cardination 
However^ of the 92 subjects at Stage I on cardination^ 72 were at Stage II 
or III on ordination. Similar results were reported for the second study* 

Of the 119 students at the top level on ordination on the second 
study^ ?XX were average or above on nuiid>er contpetence* Of the 95 subjects 
with no cardination (Stage I)» 47S showed average or above nucober 
competence. 

The statistical analysis of the third study led to the following 
findings! (1) ordination and cardination improves with feedback^ (2) the 
average improvetuent in ordination was much better than the average 
improvement in cardination^ (3) the nund>er performance of the control 
group train^sd in ordination was superior to the matched control group* 
and (4) the number performance of the experioiental group trained in 
cardination was not siginlficantly superior to the matched control group. 



5. I n ter^r el at i ons_ 

From the first study it was concluded that the concept of ordination 
emerges in a child's thinking long before the concept of cardination* 
From the second studyi it was concluded that first ordination eoerges 
followed by nunfcer competence* and finally by cardination. From the third 
study it was concluded that thb concept of natural number la dependent on 
a prior understanding of ordination and not on a prior understanding of 
cardination* The ii]q>lication drawn from the three studies Is that the 
concepts of ordination should first be introduced to children* with 
natural being introduced as a by-product of transitive* aayiflnetrical 
relations and» finally^ with cardination being introduced as a generali- 
zation of the natural numbers. 

20 
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Critical C<>mmciitary 



The Investigators In thes^ studies were victlmfi of the same pitfall 
attributed to other Investigators In developmental psychology* Nanely^ 
they are guilty of using "loosely defined methods of assessment that bear 
only a vague or ititultlve resemfblance to the (mathematical) concepts that 
are to be ineasured*" Six cards containing parallel rows of red and blue 
dots is no more an embodiment of the theory of Ferge ^d Russell than 3 
clay balls and 3 dowels Is a reasonable representation of the Peano Axioms 
The ordination test is. In fact, a test of transitivity In two Specific 
order relations neither of which is defined on the set of natural nunbers. 
The cardlnatlon test Is no more than a spatial perception test Inasmuch es 
the subjects were not allowed to match the two tows of dots either through 
moving the dots or drawing lines* The computation tests, while called at 
various points In the article measures of natural nuoi>er coTicepts and 
measures of natural number competence, are only computation tests* Infer- 
ences about the origin of a child's number concepts can only be dravn from 
these studies with courage* 

The Interpretations given are without foundation* It Is alarming 
that the author was allowed the forum of a popular magazine to fault 
*'new math" and current textbooks for using a "cardlnatlon'* approach to 
natural numbers as opposed to an "ordination" approach* Since counting, 
the author warns, is the conmionest example of ordination, the character- 
ization of the "new math" treatment of numbers as cardlnatlon Is mis- 
representative if not completely false* What conclusions, if any, that 
can be drawn from these studies are obscured by teats of the obvious 
masquerading as tests of the much more complex* 

Jane 0* Swafford 

Northern Michigan University 
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LCftf ACHIEVER'S UNDERSTANDING OF LOGICAL INFERENCE FORMS* CirroLL* A. 
In Roaikopf, M, F* (ed-) Children'^ MatbeMtlcal Conccpta: Six PlMfttlmn 
Sfaidlca in ttothgaatlca Educmtlon . New York: Teachers College Pr«aa, 1975- 

Expanded Abstract and Analyaia Prepared Eapecielly for I«H.E- by liers C- 
Janaaon, University of Manitoba* 



1* Purpose 

The purpose of the study, as stated in the Results section, was 

(a) '*to examine the effectiveness of instructional sessions with small 
groups as s means of improving performance in conditional reasoning, and 

(b) to analyze the difficulties that low achievers experience in condi^ 
tional reasoning." 



2- RationaLe 

Conditional reasoning is placed in a general Piagetian developmental 
context- Abilities to handle specific forms of valid <modus ponens, con- 
trapositive) and invalid (converse, inverse) arguments are related to the 
research of Hill (1961), O'Brien St Shapiro (1968), and the Cornell Criti- 
cal Thinking Project, Fhase 1, of Ennis St Paulus (1965). Content of items 
is related to Piagot's distinction between formal snd concrete stages of 
reasoning and the wotk of Ennis and Wilkins (192d). Four types of content 
are employed: concrete familiar, symbolic, misleading, and removed from 
reality. 



3* Research Design and Procedure 

Tests of 4d items were validated and shown reliable on a group of 
average and above-average ability students. Four forms of argument and 
four content types provided three items in each form/content category. 
Tests were administered to six groups as follows-* 

(a) Experimental - logic instruction: 24 boys and 24 girls 

(b) Alternate - probability instructions: 12 boys and 12 girls 

(c) Contrast - no instruction: 82 boys and 37 girls 

5oys and girls groups were in two different schools. Subjects fit the 
definition given of **law achiever", but assignment was not truly random 
and was dependent on such matters as student schedules. 

Data are reported as percentages of students in each of six groups 
showing improvement from pretest to posttest. Analysis used was chi 
s^iuare. Pretest-posttest means are reported for form, content, and total, 
but no tests of significance are reported on these. Graphicsl displays 
are employed to discuss pretest-posttest differences for form, content, 
and their interactions. 



16 



EMC 



22 



4. Fiadin^e 



"Hp There will he more Improvement among students in the ex- 
perimental group than among those in the control groupJ* Fifteen differ- 
ent comparisons all yielded nons Igulf leant <p * .01) chl square statis- 
tics, thus Ui w^as rejected. 

When analysed by argument form, only the converse for the ex- 
perimental groups showed significant gains. Trends favored experimental 
groups for cnodus ponens and inverse, control groups on the contraposltive. 

c. When analyzed by content type, results were mixed, with a few 
tests showing significance. Trends favored experimental groups. 

d. '*H2; Subjects who have not had instruction will experience 
more difficulty with fallacious arguments than with valid argutnents , *' 
H2 was supported by pretest results, 

e. Order of difficulty of forms is: modus ponens, contrapositive, 
converse, and inverse were roughly equal. Invalid forms were considerably 
more difficult. 

f. Content difficulty varied with argument form, 

g. Wo relationship between cognitive style and scores on conditional 
reasoning was found. 



5 , Interaretations 

'^the striking improvement of the experimental groups on the converse 
seema to indicate that» with instruction, pupils can grasp the principle* 
involved in recognizing the invalidity of this form of argument,*' The 
results "strengthened the experimenter's hunch that students tend to con* 
fuee the contrapositive and the inverse and that instruction seems to in- 
crease the confuaion. Results for different content types ran contrary 
to expectations, there were '*more errors on the removad-from'^reality 
fallacious arguments than on the inisleading fallacious arguments. One 
possible explanation for this is that perhaps the subjects were often 
able to avoid fallacious reasoning by creating counterexamples for pro* 
poaed incorrect conclusions. If this was their approach^ then the situs* 
tion i<> the removed* from^reality arguments would hinder them, since it is 
impossible to create counterexamples in a completely foreign situation,'* 
Content appeared to influence difficulty less than fotm. 



Critical Commentetry 

This study of logical reasoning of low achievers reports little thst 
has not already been reported elsewhere for "average'* ability subjects. 
It appears to be based on the author's doctoral dissertation, dated 1970^ 
and thus 1976 its discussion of related literature and results i3 out 
of date and restricted. While the questions raised here are important 
in developing a model of logical reasoning skills, assessments of this 
type have been frequently reported in recent years, the aims of the study 
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ate butied deeply in the Article and perhaps more emphasis should have 
been placed on questions (l> related to differences in reasoning patterns 
in ''low" and "average" or "above-average" achievers, and (2) involved 
with cognitive style. 

The procedures and design raise several questions, among them the 
following: 

(1) H| vaa answered by doing fifteen different comparisons and It 
la Qot at all clear how significance on a portion of these would have 
been interpreted. The analysis looked at whether %jore students" ±id* 
proved rather than the suggested (by Hi> '*raore improvement*'* 

(2) No rationale ia provided for the choice of "percent who improve*' 
and the chl square statistic as the means for data analysis, 

(3) "Improvement" Is defined to laean "'posttest score minus pretest 
score' le positive." This seems to be a weak condition on a test of 48 
items » .^^^ 

(4> Total N varies from 188 to 193 through the article with no ex- 
planation. 

The graphical presentation of changes In performance for both con* 
tent type and argument form were well done and help to make sense out of 
a lot of data. Why the six-group boy/girl split is maintained, however, 
la unclear unless the schools were considered In some way to be signifi- 
cantly different. Once the fact of no boy/girl differences became appar* 
ent, this could have been dropped in the Interests of parsimonious 
reporting. 

Conceptually, the discussion of the four weU'defined content cate- 
gories and the hypothesis regarding a relationship between cognitive style 
and conditional reasoning abil^lty are to be consnended. Hmpirlcallyi the 
results for the former were mixed* while for the latter came to nought. 
Heverthelesst these are important concerns. Furthermore* the attempt to 
improve logical reasoning through instruction* a task seldom undertaken 
in a rigorous evaluative settings is likewise to be conmended. 
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UARNXKG G4MES AND STUDENT TEAMS: THEIR EFFECTS OK CUSSROOH PROCESS* 
DeVriea, J>* L* i Edw^rdi, J* Aroerlcan Educational Reaearch Journal . 
vlO, pp307-3ia, Ftll 1973. 



Expanded Abstract and Analysis Prepared EspecitiUy for I«M.£. by Robert 
Kalin, Florida State University. 



1. Purpose 

To study some effects upon selected classroom variables (such as re- 
lationships between students) of using the learning game '*Equations", of 
uaing student team«, and of using a garoe-tearos combination. 



2. Rat^ionale 

Previous research had indicated that some learning games: 
(a) help increase learning, 

<b) establish an "interpersonal experience. . .due In ptrt to the 
interdependent task structure vhlch requires interaction among 
the playera", 

<c) increase positive reinforcement frequency When pltyed In a 
tournament structure. 

Other research had indicated that some student-team arrangements; 

(a) result in students otitperfoming those working independently » 

<b> set up pressures for students to become academically involved 
so that the team can benefit, 

<c> result in higher achievement with teams competing against each 
other than with each team striving independently for tokens. 

There haa also been evidence that a combination of inter-tesm competition 
with some kind of learning game can result in still greater achievement* 

The present research studied the comparative effects of a game and 
a quis» of team reward versus individual reward^ and of a combination of 
the game and the team reward. Instead of using achievement as the cri- 
terion^ it studied the effects of these arrangements upon such "classroom 
processes" is student interrelationships and learning environment. 



3 * Research Design and Procedure 

One hundred ten seventh-grade students from four mathematics classes 
in sn urban junior high school were stratified as high, medium, and low 
achievers^ then randomly assigned to one of four treatment groups; 



19 



25 



<a) GMoea task with individual reward (apparently 30 atudenta) 



(b) Games task with team reward (apparently 30 students) 

<c) Quiz task with individual reward (student number unidentiCied) 

(d) Quiz task with team reward (student number unidentified). 

The four-week experiment was scheduled as Collgws: 

(a) Monday — regular classroom instruction (nature^ content^ and 
student-grouping undescribed) 

(b) Tuesday -- half period of Game/Qui£ taak^ half period of 
practice . 

<c) Wednesday — regular classroom instruction 

(d) Thursday half period of practice^ half period of regular 
instruction 

(e) Friday -- full period of Game/Quiz taak. 

Students in the two game- treatment groups played "Equations" <Allen» 1969) » 
with 3 students of similar mathematical achievement per game for a total of 
10 ''Equations^' games per game-treatment group.. To maintain homogeneous 
game tablesi studenta were moved from one table to another according to wins 
or losses the previous day. Students in the two Quiz- treatment groups 
were quizzed on Tuesday and Friday over mathematical content studied the 
previous day. 

Students in the two team-reward classes were assigned to four-member 
teams to as to obtain intra-team heterogeneity as to race» sex and achieve- 
ment» yet to obtain inter - team equality. They played the ^'Equations" game 
or took Quizzea individually. But team scores as well as individual 
scores were listed in a twice-weekly newsletter for the team-reward groupi 
whereas only individual scores were listed for the individual- reward 
groups * 

The first of three types of dependent variables was the extent of 
peer- tutoring occurrence^ measured by research-assistant observation 
of two 20-minute practice periods. Each observer made a series of five- 
second observations of 13 randomly selected students followed by a ten- 
second recording period. The second type of dependent variable was the 
extent and direction of frii&ndship and helping pattema^ measured by 
asking students to name their friends^ who helped themi and whom they 
helped. The third type was the student perception of the learning envir- 
onment » measured by having students respond to four categories of the 
previously developed and standardized learning Environment Inventory: 
Difficulty^ Competition^ Satisfaction* and Cohesiveness . A newly de- 
veloped scale of Mutual Concern was also used. 
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4* Findings 

The researchers analyzed Che sociontetric choice data^ the Learning 
Environmant Inventory data» and the classroom observation data separately^ 
using the Goodman technique for multivariate analysis of qualitative data* 
Using either 5%^ 1%^ or ,1% significant levels, they reported these sta- 
tistically significant findingst 

(a) The games treatment increased peer tutoring, and resulted in 
classroom process which students perceived as more satisfying, less 
difficulty and less competitive. 

(b) The teaiD-reward treatment also increased peer tutoring^ and re- 
sulte<i in classroom process that students perceived as more competi- 
tive while allowing greater mutual concern* 

(c) The combined garoes/team-reward treatment additively increased 
peer tutoring^ and created a significant interaction effect as to 
the classroom climate variables of competitiveness and coheslveness * 



5* Intejr^retations 

Game Effects: The researchers felt that, as compared with the Quiz 
treatment^ the game effect of decrease in perceived difficulty and increase 
in |>erceived satisfaction were the result of the ^'task interdependence 
created by the gaine"^ in which the students learned and played together. 
An alternative or possible additional cause was that the Increased posi- 
tive reinforcetoent afforded by the game increased the chances of a student 
doing well. This reinforcement factor, they felt, may also have caused 
the decrease in perceived competitiveness, which originally surprised them* 

Team-reward Effects: The researchers interpreted as natural their 
observation that the increase in peer- tutoring, brought upon by the team- 
reward as compared to the individual reward |>rocedures, appeared to focus 
upon the help given the low achievers by higher achievers - the team- 
reward feedback system encouraged concentration on those team members 
needing the greatest amount of assistance. The result of the team-reward 
increasing the student perception competitiveness at the same time as 
increasing cohesiveness and mutual . jncern would normally appear contra* 
dictory. But such en effect would appear natural when the competition 
ia aiT^ong teams . 

Combined Game Team-reward Effects: The researchers interpr^^ted the 
increase in peer- tutoring resulting from the combined treatments as cre- 
ated in part by the novelty of the games task. 

In sunmaryj they felt that both the ''E:quations'' game and the team- 
reward technique were helpful in a complementary way in creating new and 
beneficial classroom processes. Whereas this game helped students view 
their classroom tasks more positively, the team-reward system encouraged 
students to work together with mutual concern. The net effect, the re- 
searchers felt, accounts for the greater academic achievement claimed for 
the combination in an earlier study. 
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Critical C&Bm&nt§tY 



This atudy^s results sgree comfortsbly with common Ins tructlonAl ex- 
p€rienc« snd prior resesrch. Far example, one would expect thst s 
("proven") game like "Equations*' would compare favorably with a Quiz tr^at- 
tkent When the compsrlson Is In terms of the extent of peer- tutoring, snd 
of student perceptions of Which Is more satlafylng» difficult* snd coim- 
petltlve* Full comprehension of this result Is difficult, however^ alnce 
the resesrchers did not describe the nsture or content of the Instruction 
on which the students were quizzed* Did It, for example have the same 
mathematical content as the "Equations" game? 

It would also be expected thst the team-rewsrd system would result 
In sn Incresae In perceived competitiveness over thst crested by the 
Indlvldusl-rewsrd technique* For one reason* esch student In the team- 
reward tresQuent saw his/her own score at did the student not on a team, 
then In sddltlon wsa Influenced by his or her team score* 

In spite of such expected outcomes, genersllzatlon or clsseroom 
appllcstlon should be approsched carefully* For one thing* no Informa- 
tion » to the nsture of the experimental subjects Is given beyond their 
being In sn urban junior high school* Of course, generalization should 
not go beyond the "Equations" game or one with Its characteristics, beyond 
the particular tournament structure used, or bayond the partlculsr type 
of team-rewsrd structure* Furthermore, the treatments lasted but four 
weeks; would the effects observed continue over a longer period of time? 
Host important* there 1$ likely to have been a considerable Hawthorne 
effect - the experimental conditions were most compllcsted s« well ss 
qvlte different from the usual classroom procedures* 

Robert Kalln 

Florlds State University 
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LOGXGU. REASQtaKG ABILITY AND TEACHER VERBAL BEHAVIOft VITHIII THE MATHE^ 
HAncS CIASSROCH* Oregory^ John W.; Osborne^ AUn R^ Joumtl for 
Retetrch In Mathcnatlct EducmtlOH t v6 nl» pp26-36» Jinuary 1975.. 

Expanded Abitract and Analysis Prepared Especially for I«H..E.. by Thosoas J- 
Cooney^ University of Georgls. 



1* Purpose 

The following hypotheses were linrestlgated : 

**1.. There Is significant positive relationship baleen s savanth* 
grade atudent^s conditional reasoning ability snd bis tescber's uaa 
of conditional moves 

1* There Is a significant positive ralstlonshlp between ^ seventh* 
grade student *s mathematical sblllty and conditional reasoning 
ability^ 

3^ There Is s significant positive relstlonshlp between the combl-^ 
nation of the teacher^s use of conditional moves and the student^ 
oatbematlcal ability and conditional reasoning ability." 



1* Rationale 

In reviewing related resesrch the Investigators made the following 
observations : 

A* Principles of logic can be taught^ but students receiving In* 
structlon on principles of logic experience approximately equivalent 
growth In logical reasoning as compared to those not receiving such 
Instruction. 

B. Attempts to Identify correlates of logical reasoning ability 
snd the developmental process have yielded only the paaslve variables 
of I*Q^ iind sge. 

C. Teachers do use conditional ressonlng In their classes. In par* 
tlcular^ Smith and Heux concluded that mathematics teachers use such 
isnguage more than teachers of other subjects. 

D. Students use the verbal behavior of their teachers as a model 
for their own use of language. 

These findings gave rise to the above three hypotheses. 



3. Resesrgh Desl&n and Procedure 

Twenty teschers were randomly selected from eighty-four teschers of 
regular seventh ''grade mathematics In Columbus^ Ohio. Five sessions of one 
clssa of each tescher were audlotaped snd trsnscrlbed. The frequency of 

23 



29 



teAchet condltlonAl moves (based on Smith snd Meux*A definition of condl* 
tlonal nave) were determined by three trslned analysts. Intercorrelatlon 
coefficients yielded reliability nessures of greater than ^93 for the three 
analys ts * 

Teachers were ranked according to the average frequency of condl-* 
tlonal moves per lesson. Ten teschers were then selected, five with 
highest rank and five with lowest rank. These two groups differed slg-^ 
nlflc«ntly (p ^ .003) on the iDe«n number of conditional moves per lesson. 
Their means were 31. S (high) and 11.1 (low). There vere 114 subjects In 
the high clssses and 116 subjects In the low classes. 

Ihe Cornell Conditional Kessonlng Test - Form X vss administered the 
first month of school and sgaln five months later st the end of che first 
semester to all subjects In the study. The test Is designed to measure 
understanding of various Inference schemest some valid and some not. The 
test also measures responses to three types of Item content: 

A. concrete familiar content which the subject hss no resson to 
believe true or false; 

B. symbolic content Involving Letters; 

C. suggestive content that Is fsmlllar ^nd whose truth status Is 
known to the student (If whsles are blrds^ ... ). 

^^ndlvldusl Item group reliabilities reported by Ennls et al*(1965) ranged 
from .27 to .63i vlth 10 of them .40 or higher. A totsl test reliability 
of .83 was determined using scores of subjects In this study.*" 

Students were grouped Into three levels of ability (HI, M2» H3) . 
Treatment groups vere fom^d on the basis of the three sblllty levels and 
che high (01) and low (02) teacher rankings. The number of subjects in 
each cell Is given below: 





Ml 


M2 


M3 


01 


17 


61 


36 


02 


11 


72 


33 



The adjusted posttest score^ using pretest performance as the covsrlate^ 
aerved as the nteasure of conditional reasoning sblllty for an anslysls of 
cavarlance for two-way design end £or correlation analysis. 



4. Find Ings 

A 2x3 analysis of covarlance yielded slgnlflcsnt P statistics between 
the tescber rsnk groups (O) (p < .027) snd among the mathematlcsl ability 
groups (M) (p < .003). These results Indlcsted thst the relstlonshlps 
expressed In Hypotheses 1 and 2 would be found to exist. Ho slgnlflcsnt 
intersctlon (0 X H) was founds which led to the acceptance of che null 
form of Hypotheals 3. 
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VarlouB slgnl£lc«nt <p < .05) correlation coefficients for Independent 
variables versus sdjusted posttest Item group perfomance were Identified* 
^Membership In che high group was found to be related to total test per- 
formance (r • .429) and performance on the Items relative to the principle 
"p only If q; Not p" <r « ,422) and suggestive (SU> and negative <NG) 
content Iteme <r - .536, -519* respectively). Mathematical ability was 
found to be related to total test performance (r = .473) and performance 
on the three fallacy types of denying the antecedent (t » <45D>, assert- 
ing the consequent (r ° ,6A6)t and asserting the converse (r « ,52l)«*' 
These findings were taken as support for Hypotheses 1 and 2- 



5. Interpre tatlons 

The significant correlations with Individual Item groups Indicated 
that the relationships between the two variables and student reasoning 
ability was differential In nature. 

The following limitations were noted; (a) nonrandotn assignment of 
students to treatments; <b) no control for reading abilities. Intelli- 
gence, or other possible potent variables between treatment groups; snd 
(c) the mathematical content of che lessona was not constsnt across all 
teachers* Subsequent analysis Indicated thst there was no loading In 
favor of the high group on mathematical ability or on reading ability* 
There was a significant correlation (r > ,671* p < .01) between reading 
and condltlonsl reading ability. 



Critical Coronentarv 

The line of research taken In chls study Is particularly cogent In 
trying to link teacher behavior with certain student outcomes* The In- 
vestigators correctly emphasised that their correlational design does 
not allow one to conclude causal relationships. As they pointed out, 
studies designed to establish causation are needed. The present study 
provides justification for such research. 

There are some concerns associated with studies like the present one 
which Involves observations of tescher behavior. One concern relates to 
the stability of the behavior being observed. Often variables defined by 
counts are not highly stable and may vary considerably from context to 
context. This concern Is somewhat magnified In this study since content 
was not constant for all of the teachers. It appears that the analysis of 
the teachers* behavior occurred between pre- and posttestlng. In any 
event the question arises as to how representative the observed teachers* 
behavior was In relation to their behavior over the entire semester (pre- 
test to posttest) , 

The questions below reflect those .Identified by the Investigators snd 
offer suggestions for future research In chls area. 

1* If a teacher's use of the language of logic does promote stu- 
dents* understanding of logic. Is the students* behavior isrgely 
imitative* or does It extend beyond that of imitation? 
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2. Is the occurrence of language* of logic primarily dependent on 
the teacher or on the mathematical content or on other factora? 

3* I« the variable ^ teacher's use ot the language of logic 
best described In quantitative terms (^*Z*t counts) or In qualita- 
tive terms defined by the contexts In which th« language occurs? 



Thomas J* Coon^ty 
University of Georgia 
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INDIVIDUALIZED INSTRUCTION IN FROBLEH SOLVING IN ELEtENTARY SCHOOL 
MATHEMATICS, JenMitt Mtx. JourBil for R^icirch In Math^mitlcs Educi- 
tlon > v4 Tilt pp6-19t January 1973, 

Expatudcd Abstract and Analysis Prepared Expeclally for I,H*E* by Gerald 
A*Goldlnt Graduate School of Bducatlont University of Pennsylvania.. 



1. Purpose 

To compare the effectlveneas vlth respect to problem solving per- 
formance In oatbemetlcs of two Indlvlduallted programs for tbe teaching 
of problem solving skills: (s) the Productive Thinking Program* Series 
One: General Problem Solving* by Covington* Crutchfleld* and Davles* 
and (b) the Modified Vanted-Glven Program* by Jerrnan^ 



2^ Rationale 

It has been conjectured (Crutchflsld* 1966) that children may 
possess general problem solving skills tfhlch* when encouraged to develop* 
are available for transfer to a variety of specific situation! and con- 
texts. But In actual schooling these are often neglected* under-utlllted* 
and permitted to atrophy. The Productive Thinking Program was designed 
to devslop existing general problem solving skills Id children - how to 
Identify a problem properly* how to look for clues everywhere* how to 
select relevant Information* how not to be afraid of making mistakes* etc. 
Its context Is non-matbematlcal : children with whom the student can 
Identify solve problems aa amateur detectives. The storyline characters 
are a brother* a sister* and their uncle* 

By contraat* the Modified Wsnted-Glven Program was designed to teach 
arithmetic problem solving usln^ a mathematical context. A straightfor- 
ward decision algorithm employs '*wanted-glven*' procedures; the student 
learna to distinguish between sum-type problems (add or subtract) and 
product-type problems (multiply or divide); in each case two operations 
are possible depending on what Is wanted and what Is given. More compli- 
cated problema are solved by nesting such sequences. Storyline characters* 
a man and a boy* solve arithmetic problems In a variety of situations. 

Both progT^ns consist of a self-Instructional sequence of sixteen 
booklets. 

It Is asked whethsr mathematics problem solving skills* as measured 
by a variety of mathematics tests* are more effectively taught by means 
of the Productlng Thinking Program (teaching general problem solving and 
relying upon transfer)* or by means of the Modified Wsnted-^Glven Program 
(teaching a specific problem- solving algorithm In a mathematical context). 
Both sequences are to be compared with regular class programs In which 
problem solving Is not taught. 

It Is further hypotheslted that no significant sex differences In 
achievement would appear within the treatment groups. This Is expected 
due to the programmed* Indlvl due Heed nature of the materials. 
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3 * Rftieirch Dealgn and Proc^ure 



Participating In the study were 287 student! In eight fifth-grade 
classes frcrm four public schools In Santa Clara County, California. This 
Is a predominantly white, middle-class socioeconomic area. Data for 26 
students classified by their schools as either *'glfted*' or "educationally 
handicapped" vera disregarded; thus the san^le population excluded tha 
extremes of ability. The author employed a 3x2 factorial design, coro^ 
prising the three jtreatments (two experimental programs and the regular 
class program) and the two sexes. 

The pretest was administered the day before the treatment period be- 
gan, and consisted of four scalest Working with Ntmbers , Arl thmetlc 
Reasoning , and Hidden Figures (all JIISMA tests), and Figure Classifica- 
tion (sdapted from an ETS test). 

The treatment period lasted 16 days* about 40 minutes per day. 
Students In six of the classes were randomly assigned to one of the two 
experlmentsl treatments. Booklets were handed out and collected dally hy 
aides In the experimental classes; the classroom teachers did not parti- 
cipate In the administration of these treatments. Teachers In the other 
two (control group) classes agreed not to give Instruction In problem 
solving during the study. 

The posttest was administered the day after the last day of treat- 
mentt and consisted of three scalest Working with Numbers and Five Dots 
(NL3M tests), and Word Problems (a five-Item arithmetic world problem 
test developed especially for the study). A follow-up test was sdraln- 
Istered seven weeks Ister* consisting of three scales: Letter Puszles I 
and Directions (KLSMA tests)* end a parallel form of Word Problems . 

Anslyses of covariance were performed using the four pretest scales 
as cQvsrlates with the posttest snd follow-up test scales. Later, the two 
Word Problem tests were re-scored with respect to the use of correct pro- 
cedures rather than the sttaliment of correct ansvers, and new snalyses 
of cQvarlance were performed. 



4. Findings 

There were no differences significant at the .05 level due to choice 
of experimental procedure on any of the posttests or follow-up tests. 
There vere no significant differences on any of the posttests or follow- 
up tests between the experimental groups and the control group. Only the 
Plve Dots posttest had a significant sex effect (p < .05) for boys. 

When the Word Problems scalss were re-scored with respect to the use 
of correct procedures, there were significant differences on the posttest 
In fsvor of the experimental groups over the control (p < .001), and In 
favor of the Modified Wanted*Glven Program over the Productive Thinking 
Program <p < .005). On ths follow-up test there were still significant 
differences In favor of the experimental groups over the control (p < 
.O0l)t but the difference In favor of the Modified Wanted*Glven Program 
was not significant. However there was s trestment/sex Interaction 
<p < .10) In favor of boys In the Modified Wanted-Glven Program. 
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5 * Interprets tlona 



Lirge number* of subjects mppmrently used correct procedures on the 
word problems, but srrlved st wrong answers due to computstlonsL errors. 
Since significant differences did appemr on the Word Problems scmles when 
they were re-scored. It Is suggested thmt computational ability may be 
consldersbly Independent of procedural ability. Further research Is sug- 
gested to messure the use of correct problem solving strstegles sepsrately 
frotti computational ability. 

Systematic Instruction using either treatment wss significantly more 
effective thsn no Instruction, for the use of correct procedures. Thus 
there was Indeed some transfer of training In general problem solving 
skills to the mathematics word problems. But at least In the short run 
there was sClII better performance by children trslned In a specific 
algorithm In a mathematical context, and therefore thla approach Is 
deemed more effective. 



In the case of the Productive thinking Program, one might attribute 
the absence of transfer to the high level of generality or even vagueness 
of the skills being tsugbt^ as well as their non-mathemstlcal context. 
In the caae of the Modified Wanted-Glven program, one might cite a dia- 
metrically opposite reason for Isck of transfer, nsmely the great speci- 
ficity of the problem- solving algorithm* Consequently It Is most In- 
teresting thst while neither experimental treatment had a significant 
effect on the posttest or foIIow-up test scales, both hsd a significant 
effect with respect to the use of correct procedures* It Is^ of course, 
not surprising that the Modified Wsnted-Glven Program had the greater 
effect, since the test problems apparently employed the algorithm taught. 
Since the word problems were re-scored after the absence of other effects 
had been ascertained, we would ask whether they were re-scored Independent- 
ly by more than one person^ and whether the scorers were "blind" with 
regard to the treatment administered each subject. 

the two treatments seem to represent extremes In level of generality. 
Future research ought to address the Intermedlate-Ievel alternative of 
teaching problem- solving heuristics as described by George Polya and 
others. Transfer of training In msthem4itlcal heuristics ought to be com- 
pared with both training In general problem solving and training In 
specific algorithms. 

It Is difficult to accept the suthor's denial of significant sex/ 
treatment Interactions. While on any particular scale the sex differ-^ 
ences may not be statlstlcslly slgnlflcsnt, a distinct pattern emerges 
when the rsw score meana of all the separate scales sre regsrded simul- 
taneously. Girls In all three treatment groups scored higher on either 
3 out of 4 or all 4 pretest scales. Girls In the Productive thinking 
group scored higher on 3 out of the 6 posttest and follow-up test scales, 
snd girls In the control group scored higher than boys on 4 out of 6* 
However, In the Modified Wanted-^Glven group, the boys scored higher on 
sll 6 posttest snd follow-up test scales, s dramatic reversal of the pre- 
test results. And as siresdy noted^ a sex/treatment Interaction <p <i .10) 



Critical Commentary 



29 




35 



WAS reported favoring boys In the Modified Wanted-Olven gro^p on the 
£ollow-ap test In problem- solving procedures* 

Uhlle the Productive Thinking Progrwn provided both a boy «nd t 
girl ss role models^ It appears thst the Modified Vanted-Olven Program 
Included only male role models, a man and a boy« Thla may have unneces- 
sarily weakened the Impact of the program on female students^ and account 
for the apparent sex differences In performance. 

Gerald A* Goldln 

Graduate School of Education 

University of Pennsylvania 
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LEUtMXHG OF SELBCIBD PARTS OF A BOOLEAN ALGEBBA BY YOITHG CHILDREH. 
Johnson, David C. In Steffe, L. P* (ed.) Rftgcarch on Mathematical 
Thinking of Ynung Qilldrani Slx _teBlrlc>l Studlai . Retton, Virginia; 
MCTM, 1975 

Expanded Abttract and Analytls Prepared Especially for 1«H«E« by 
John Kolb, Horth Carolina State Unlvertlty, RaUlgh. 



L ^ Purpose 

To determine If the ability of young children to <a) form clastea 
and (b) cottprehend telected equivalence and order relations It Improved 
hf tpeclflc training, and to Investigate whether transfer occurs to 
other clast-related activities and che transitive property of the 
■elected equivalence and order relations. 



2* Rationale 

Plaget attribute! the growth of Intellectual capacity to a develop- 
mental procett that evolvet through four main ttaget*^ Thete ttaget are; 
(1) ■entory-'motor stage, <2) pre-'operttlonal representation stage, (3) 
concrete operations stagei and (4) formal operations stage. At each 
stage, the child Is capable o± performing tasks that could not be per- 
formed at sn earlier stage when the requisite cognitive structure was 
absent. 

When asked to classify, children younger thsn five usually form 
"flgural collections;" but by age seven, children can sort objects, form 
unions of classes, and multiply (cross classify) classes. However, gen-* 
ulne operstory classification does not exist until sge eight, when 
children can solve che clsss Inclusion problem (I.e., Identify proper 
subsets and supersets of s given set). 

Instruction on forming classes would not be assimilated by child- 
ren early In che pre-operstlonal stage, sccordlng to Plsget, since chey 
do not have the requisite cognitive structure. Likewise, Instruction on 
these tasks would be unnecessary for children who sre well Into che con-* 
Crete operational stsge since they alresdy can perform these tssks. 
Thsrefore, Johnaon's Investlgstlon desls with Improving through training 
the classifying ability of children who are In trsnsltlon from one stsge 
to the next. Moreover, he seeks to determine If through trsnsfer the 
trslnlng produces Improvement in certain sbllltles sssociated with oper- 
atory classification and che presence of logical machematlcal thought. 



3. Research Design snd Procedure 

The Investlgstor administered the Otis Lennon Ability Test to 196 
children in fo^ kindergarten and four first-'grade classes in the Athens, 
Georgia area. The children were clsssified into four groups using two 
levels of l^Q* (80-100) and 105-'125) and two levels of chronologicsl sge 
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(64-76) and 77-89). Theie groups were aimpled to produce 20 children in 
eech of the four cetegoriei. Vithin each of the four categorieit the lub- 
jecti were rmdomly eiiigned to escperlmentil end control groupi , produc- 
ing 10 lubjecti in eich cell. 

The experit&entil groupi were provided training in 17 ins true tioni 1 
aeiiioni of ebout 20 Ainutei eicb. Through menipulition of phyiicel ob- 
ject!, the children fomed (1) cleseei, (2) interiectiona end union of 
cleiieif (3) the complement of e clan, end (4) reliCione between cleiiee 
end cliii elenente. The biiic connective! uied in the leeming meteriel 
to form clesaee were conjunction, diijunction^ end negation. The methe- 
meticil reletioni were the "pre- number'* relitioni of *^Dore thin**, **fewer 
then**t ind **e8 meny ■>**, end the relations **ijme shape ss** and "sanw 
color ss.*' 

The five basic posttests snd what they are designed to measure are; 

1* Connective Achievement Test (CA). The sbility to interpret 
"or**, **and**, and **not** in directions for forming classes froo 
a set of physicsl objects. 

2. Relstion Achievement Test (RA). The understsnding of the five 
relations taught in the instructional unit. 

3. Multiplication of Classes and Relstions Teat (W). The sbility 
to classify, using two or more criteria at once. 

4. Clsss Inclusion Test (CI). The sbility to solve clsss inclusion 
problems. 

5. Xtansitivltv Test (TR). The sbility to use the transitive 
property for esch of the relstions tested in the RA test. 

Test CA snd MU were further divided into three subtests esch. The 
first subtest of MU, the three subtests of GA and RA comprised five 
schievement measures end CI, TR, snd the remaining two subtests of MU 
were designed as trsnsfer meseures. 



4. Findings 

The results of the si]cHAKOVA*s snd the 27 AKWA*8 can be sumaerited 
as followst 

1. The differences between the experiments! end control groups 
were significant (.01 or ,03) on sll schievement and transfer 
measures eiccept the CI test, 

2. The differences between the higher snd lower I,<), groups were 
significant (,01 or ,03) on all achieventent snd all trsnafer 
measures except the third subtest of MU, 

3. The first graders performed better, but not significantly 
better, thsn the kindergarteners on all achievement snd trans- 
fer tests. 
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5* Interpretations 



The superiority of the experimental groups on all achievement meas- 
ures was Interpreted to mean that the training produced substantial Im- 
proventent Id forming classea and ualng "pre -number*' relations. Since 
there were no significant differences In achievement between the two agea 
on any achievement measure. It was highly recontnended that the grade 
placeinent of Instruction slmlUr to that In this study begin at the kin- 
dergarten level. 

Although the experimental group performed significantly better than 
the control group on three of the transfer tests, Johnson points out that 
the Improvement In at least two of theae tests may not be a genuine effect 
of the training but can be explained by other plausible hypotheses. On 
the crucial CI transfer test, the treatment ptoduced no significant dif- 
ference and hence no evidence of Improvement. Even for the factor of In- 
telligence, which was significant on the CI test, the scores of both 
higher and lower I.Q. groups were only allghtly above the scores expected 
by guessing and thus operatory classification was not achieved. Johnson 
concluded that the instruction produced substantial Improvement on phys- 
ical knowledge as measured by the achievement tests, but produced little 
improvement In logical mathematical knowledge required In the transfer 
measures, particularly the class Inclusion test. 



Critical CoPMPentary 

The Infvestlgator should be congratulated on a carefully devised and 
well'conducted study. Good planning and attention to every detail are 
evident at each step. The cr^reful attention to Instrumentation and the 
reporting of test statistics Is only one Indicator of the overall excel- 
lence of the conduct of this study. 

Particularly commeadable Is the discussion section wherein Johnson 
acknowledges that the significant differences between the experimental 
and control groups c.n several of the crucial transfer measures were 
likely not due to the training but to other factors he observed In the 
responaes of the subjects on these tests. 

The Intent of this study and other training studies Is to determine 
If Instruction will enable a child to successfully perform certain tasks 
at an earlier age than would be the esse without directed experiences. 
From a research polxt of view. It Is of Interest to know exactly what 
kind of performance can be hastened by training; but from a practical 
point of view, why expend great instructional effort In Instilling a 
capability that will evolve naturally at a later stage? Moreover, might 
not the Intervention of training at an earlier age have 111 effects on 
cognitive development? Should future training studies concentrate on 
determining If there are ill effects from such training? Finally, there 
is a need for more studies like those reported by Bryant (1974) that 
Investigate more precisely why children cannot perform certain tasks 
such as conservation and transitivity at a particular age. 

Bryant, Peter. Perception and Understanding in Young Children. Kew Yorkt 
Baalc Books, Inc., 1974. 

John R. Kolb 

North Carolina State University 
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COWREHENSIOK OF HEG4TI(W AKD QUANTIFIG4TI0N* JuStj Carpenter, P. A. 

Journal of Verbal Lemming and Verbal Behavior , vlO» pp244-253, 1971. 



Expanded Abstract and Analysis Prepared Especially for I.M.E* by Kobert 
Kane, Purdue University. 



1. Purpoae 

Three experiments ware designed to study how people process differ* 
ent kinds of negative sentences. 



2. ftjtionflle 

Six studies are cited which suggest that explicit negative sentences 
with the word not In them are processed differently from affirmative sen* 
tences. This consluslon was based on significantly longer reaction times 
to such negative sentences than to affinmtive sentences. This finding 
held for the task of verifying as well as completing sentences. The 
authors note that negation is found in oiore forma than Just the explicit 
not morpheme. For example, few t scarcely any , and seldom negate implic- 
itly. Moreover, not, none, and no negate a sentence about a complete set^ 
while the Implicit negatives like few negate a sentence about a proper 
subset. They conjectured that processing differences niay exist between 
explicit full-set negation^ such as none , and implicit subset negation, 
such as few . They also conjectured that sentences Which have the sac^ 
referent as few ^ but which are not syntactically negative, may be processed 
differently. For example^ sentences with a minority refer to the same 
denotata as those with few ^ but sentences with a minority are not syntac- 
tically negative. 



3. Research Design and Procedure 

These conjectures were tested by examining hov people decode senten- 
ces and pictures in verification tasks and represent them Internally. 
Tasks were designed which called for a comparison of information given 
by a ssntence and a corresponding picture. The label true or false 
(relative to the picture) was to be assigned to each sentence. In Experi- 
ment I the was timed While he read a sentence^ looked at a picture, and 
decided whether the sentence was true or false. Half of the sentences 
used are listed below; the other half were identical except the word 
black was substituted for the word red. 



Syntactic 
Category 



Affirmatives 



Negatives 



Syntactic negatives The dots are red. 
with a negative 

particle (SYN-UOT> All of the dots are 
red. 



The dots aren't red. 

None of the dots are 
red. 



Three «re ted dots . 
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Syntictlc negative! 
without ■ negitlve 
particle (5YN) 



Hiny of the dots ate 
red . 



Few of the dots ire 



Hoit of tha dots are 
red. 



ScirceLy iTiy of tha 
dot! are red . 



Lots of the dots ere 
red . 



Hardly any of the dots 
■re red. 



Semantic but not 
■yntictlc negatives 

(SEM) 



A majority of the 
dots sre red. 



A minority of the 
dots are red* 



About 14 of the 16 
dots sre red. 



About 2 of the 16 
dots are red. 



A Isrge proportion 
of the dots ere red. 



A small proportion 
of the dots sre red. 



Each sentence was coupled with s 4x4 srray of dots. For the SYN^HOT 
cstegory* sll 16 dots were the ssme color. For the other cstegorles the 
arrsys had 14 red snd 2 black dots or the reverse. In totsl there were 
72 different s en tsnce* picture pairs. Esch pair wss viewed by the S In s 
Cambridge Tschlstoscope. Itie S wss timed from stimulus onset to decision 
about truth or falsity. Ss were 20 English-speaking undergrsdustes . 

The Interpretation from Experiment I (see "Findings") was tested Id 
Experiment 11 by replicating the conditions of Experiment I except to 
present tha dot srray prior to presenting the stimulus sentence. Eleven 
Ss from the same pool were used; none hsd partlclpsted In Experiment 1. 

In Experiment III* the conditions of Experiment II were repllcat&l 
except for the introduction of two instructions which told Ss how to 
repreaant the picture while they awaited sentence presentation. Only 
three Ss* two of whom were the in^estisators themselves^ were used. 



4. Findings 

Experiment Ir In genersl, resction times (RT) to negstive sentences 
were greater than to affirmative sentencest fslse sentences hsd grester 
RT then true sentences* and RT incressed from SYH-KOT to SYH to SEM sen- 
tences . Among SYK-HOT snd 5YM sentences true-affirmatives had shorter RT 
thsn false-»sffirmatives> while true* neg stives hsd longer RT thsn false 
negatives. Such intersctions were absent for the SEH sentences. This 
sbsence for SEH sentences wss interpreted ss evidence that the S coded 
the color of the larger subset sfter reeding a SYN negstive snd the color 
of the smaller subset after s SEH negstive- This difference between SYM 
and SEH wss interpret&l ss sn effect of the two cstegorles on how Ss 
coded the sccompanying picture* 

In Experiment Il« RT psttems for SYN snd SEH were similsr. The in- 
tersction found in Experiment I wss present only (snd predictsbly) for 
SYM-^HOT. Horeover^ whstever strstegy Ss employed in Experiment 1* they 
were not differentiating between SYH >nd SEH when they coded the picture 
prior to seeing the sentence. 
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since the dats genented by the Limited sample In Experiment III 
■eem ■<> questionable, no further reference to Experiment III aeetot 
warranted . 



5- Interpretations 

Both full and subset syntactic negstlves focus on the larger subset 
or entire set while SEH negatives focus on the smaller subset. It sppesrs 
thst «11 syntactic negstlves may have the same basic Internal representa- 
tion ss their corresponding affirmatives together with a negation opera-" 
tor, while SBH negatives do not focus on the larger set and are unpre- 
ferred only with respect to qusntlty. Ferhsps most generslly these ex- 
perlaients confirm earlier findings that negstlves require more RT thsn 
sf flrmatlves * Even with resdlng time controlled^ syntactic negatives 
take longer to verify thsn affirmatives. There Is a clear preference for 
sfflrmatlve over negative sentences. Affirmatives are psychologically 
(and linguistically) less complex than negatives. The dats here suggest 
that even quantifiers referring to small quantities are less preferred 
thsn those referring to larger qusntltles. 



Critical Conmientsrv 

For the researcher or Instructional materials generstor In mathe- 
matics education the subtleties of the psychollngulstlcs around which 
these experiments revolve may not be of primary Import. What Is clearly 
Important Is thst from the point of view of comprehension snd reader 
tolerance of instructions! prose, there are crucisl choices available. 
Hot only should we minimize negative sentences overall, but might 
make informed choices among the form of negation when negation is needed. 
Finally^ an Important point to retain is the utility of monitoring 
psychollnguistlc inquiry «s a continuing dats source with which to re- 
fine our understanding of prose learning in general and» more particular- 
ly,' in the language of mathematics. 

Robert B. Kane 
Purdue University 
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COmKADXCTIOKt SURPRISE, AKD COGMXTIVE CHAH12; tHB EFFECTS OF DlSCOH- 
niMTION OF BSUEF ON COHSERVERS AND NONCONSERVERS , Hlllttrt Scott A. 
JotttnAl of Expgrlttifea^t&l Child Pivchololg * vl5 nl, pp47-62t February 
1973, 

Expanded Abatract and Analysla Frepar«d Eapeclally for X,M,E, by J, Dan 
Knlfongt ITnlveralty of Maryland* 



1« Ptorpoac 

a« To determlna « whether conaervera change to noncoaaervera (and 
vlc« varaa) utien confronted with be 11 af- conflict tug deoronatratloaa* 

b. To determine Whether the abt^e coafllcta are mrked by a reac- 
tion of aurprlae « 



2. Rationale 

The exlatence and stage development of invariant cental atructurea 
have been auapect alnce their Inception by Plaget« Ccnaervatlon of Wttlght 
la but one of sany phenomena baaed on the atudy of auch atructurea« Aa-^ 
aumlng that conservation of weight acqulaltlon la a alnple matter of learn- 
ing a aclentlflc feet* aeveral Americans hav« collected data which aecm 
to contradict the relative atablllty and hence exlatence of Flagat'a 
atagea. Typically, the predlctlona of nonconaervara (or conaervera) are 
contradicted by placing altered clay ahapea on the balance and noticing 
that the beam reaalna level (or goea down on one aide through a trick) « 
The aubject la then reteated to aee If hla predlctlona are changed. 

One might expect auch contradict lone to prompt dlaequlllbratlon 
(which la a hypothealced motivator of cognitive chenge), and It haa been 
aaaumed that dlaequlllbratloa might expraaa Itaelf aa a aurprlae reaction* 
If auch la the ceae* aurprlae reactlona could aolve the problem of dla-^ 
criminating true conaervera from paeudo-conaervera * Although Plaget haa 
nevftr conaldered thla a problem* It la of concern to othera who avoid 
free-form Interview data and aeek specific behavioral Indlcetora* 



3* Research Design and Procadurg. 

One hundred thirty aecond* third* and fifth graders were teated for 
conaervetlon of weight on four Items in Phaae I of a three-phaaa Interview* 
For three of the Items the interviewer demonatrated that two clay balla 
were equal in weight* He then r«*formed one and aaked the conservation 
queatloa* For the fourth Item the Interviewer ahowad a clay ball to weigh 
more than a clay anake (with the aid of^ a hidden electromagnet)* He then 
rolled the ball Into a almllar anake end this time asked a conservation of 
Inequality question* 

At this point* 55 subjecta who were not conalatent (conaervecs or 
no neons ervera) and 6 nonconaerving fifth graders were dropped from the 
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■ tudy. The remaining 69 subjects continued Phases II snd III of the in- 
terview «i either nonconservers or young conservers (second and third 
graderi)t or old conaerveri (fifth grsders only). 

fhase II consisted of s manipulated weiring of the three pairs of 
clsy objects from Phase I and recording of (s) fscisl expressions, (b) 
resction times, snd (c) verbal conments. The electromagnet was used con*- 
sistently to contrsdict the subjects' predictions from phase I^ Thus, 
nonconservers were shown true weighings and the conservers were shown 
(fslsely) the bsU ss being hesvier. Phsse III consisted of <a) retest- 
Ing the Subjects* predictions for phase I itema (to messure chsnge), ss 
well ss (b) ssking for other types of weight predictions, followed by 
(c) s solicitation of the subjects' view of what hsd hsppened. The 
subjects' explanations during the entire interview were recorded and 
cstegorised. 



4. Findings 

a. There were few differences between young and old conservers, 

b. About 49Z of the nonconservers ^nd 66% of the conservers (both 
young and old) chsnged their predictions following the contradictory 
weighings. 

c. Resistsnce to the unexpected weighings were more frequent among 
the conservers thsn the nonconservers; 22 out of 41 conservers denied the 
validity of the false weighings* 

d. About 86Z of the conservers offered at lesst one explsnation of 
the trick bslsnce Which indicated resistsnce to the nonconserving outcome. 



e. An abridged sunnnary of Table 3: 





Proportion of Facial Responses During 
the Contrsdictory Weighings 


First 

Contrsdictory 
Weighing 


Neutral Serious Thoughtful Curious Amused Surprised 
,31 ,03 ,13 ,32 ,47 ,09 



(Some gave varied responses and are recorded in tnore than one category* 
except for those Who were neutral,) 



f. The reaction times to contradictory weighings were roughly 
double the bsaeLine reaction times. 

The Isst test item in Phase I, showing the snake to weigh less 
thsn the bsll, was missed much more frequently (93%) than the first three 
(2aZ) by trsnsitionsl subjects* 

h, A Chi square test showed significantly more male conservers 
thsn female, 
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5* Xttterpretatlotta 

The findings ate Interpreted generally as contradicting Flaget's 
theory. («) Fi«get*s theory would seem to predict a frequent surprise 
reaction.. <b) The e^cperlence seemed to te«cb at least some of the non- 
conservers to be genuine conservers, although It Is suggested that the 
Subject must be ready., (c) Finally, a number of conservers seemed to 
have given up their belief and returned to being nonconservers, although 
the short age span might not have Included subjects who had 'Hnastered 
conservation..*' Further research might Include older subjects, allow for 
a delayed posttest, and/or pursue other Piagetlan tasks. 



Miller has tried to converge Flagetlan structuralism and American 
behaviorism Into one study. Unfortunately, he uses altered Piagetlan 
Interpretations without e^cpllcatlng the difference. For this reaaon his 
negative Interpretations only convince non-Plagetlans ; e.g.. If conserva- 
tion of weight Is a concept (In the American tradition) then It mlg^t 
disappear or be forgotten; It might be tested on a pre- and posttest; It 
might be the logical consequence of some other concept; and It mlg^t b« 
mastered In school as are the concepts of addition and the properties of 
free- falling bodies. But conservation of weight Is a Flagetlan Invention 
and most of the above locutions violate Its parentage. Conservation of 
weight Is not a concept to be mastered like long division; a test may give 
false clues to Its e^clstence; and It Is not logically necessary In either 
the Flagetlan or American sense of this term. 

A Plsgetlan might find much cheer In the fludlngs. If not In the 
Interpretatlona . Specifically: 

a. M^ny conservers showed resistance to the trick balance. Others 
may have simply discounted this balance as "goofy^" altered their predic- 
tions to suit the situation^ and still retained their position as true 
conservers. 

b. The finding of slow reaction times for the uuejcpected weighings 
might serve as the long-sought discriminator for dlsequlllbratlon and 
hence true conservation. 

c. Similarly, the frequency of expressed curiosity and amusement, 
as well as surprise (Table 3), might be viewed as combined evidence of 
frequent dlsequlllbratlon. 

d. Most i9UZ} of the e^cplanatlona for nonconservatlon were either 
perceptual or blank. 

e. Finally^ It Is difficult to accept the 18 fifth gradera as ''old 
conservers" since as many as 6 fifth graders were dropped from the study 
for belug consistent nonconservers . (The data do not report the number 
of fifth graders In transition, but presinnably there were several.) 



Critical Conndentary 



45 



39 




Until Am«rlcan icudlii sddreii chenielvei to Plsgec'i icruccurslltn, 
iTucesd of conildfirlng hli cheary si • vsrlsnC of behftvlorlro, tbitj iflll 
be of liii bcniflc thin th«y might In helping ui undertCand chlldr«n'i 
chinking. 

J. Din Knlfong 
University of Maryland 
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THE imiACTIQN OP THREE UVSI8 0? AFTITUDS DKTIRHIKKD BT A mCH^TBST 
mOCimjU tfXTH wo mATmirCS UIATED to AKU. Montsanery* Kary I. 
Jounml for RftgftTch In tUthMtttlci Bducitltm. v4 ii4, pp271*278i 
l[CFv«mbir 1973. 

Ixpmnded Abitract mud Analyils Prepared Cipeclmlly for I.H.E. by Aircm B* 
luchmnmnt SHRL Educmtlofiil Reiemrch mud Dtvilopnenti Loi Almoitoi, 
Cmllfomlm* 



1 • Purpoim 

A. To «x«mln« th* Intmrmctlon of two tr«it3»enti on lemming to 
memiure mrem with three l^eli of mptltude for lemming about aemi- 
urenent unlti* 

B* To study thm genmrml effect! of experlencm with DMmiurMkent 
unit! on puplli* lubiequmnt performmn^e Iti compmrlng nemiurei vher* 
unit! mmy not be the ■asm* 



2. Rmtlonile 

Thli itudy grew out of developaent of curriculum vmterlmli mppmnntly 
In conjunction with the Developing Hmthecutlcml Proceiiii Progrmn mt the 
Unlverilty of Wliconiln Reimmrch mnd Development Center. Som children 
mppemred to be cmpmble of grmiplng certmln unit conciptit vhlle othen 
were not* If procedure! could be developed for Identifying puplli mt 
different leveli of mptltude for lemming mbout unltJ* then different 
Instructlonml tremtnetiti could be developed to Improve lemming mbout 
nemiurenent In ginerml for puplli mcroii mptltude Isveli* According to 
the muthor, reiemrcherm bmve not devoted much mttentlon to chlldren^m 
undentmndlng of the role of unite In relmtlonehlp to the proceii of 
memiurlng* 



3* Reeemrch Deelgn end Procedure 

The deelgn of the etudy le cloeely iiioclmted with grounidwork In 
mptltude X tremtnent Intermctlone mrtlculmted by Cronbmch end Smsw (1969)* 
Three levele of puplle* mptltudee for lemming ebout lei^th were Identified 
uilng m procedure developed me pmrt of the etudy* fuplle In emch mptl* 
tude level were rmndomly divided Into two groupe mnd given one of two In* 
Btructlonml tremtnente for leernlng mbout the memeurenent of mrem* Theee 
tremtoente differed In the mnount of empheele plmced on different typee 
of mrem unite In the lemming eequence* After the Inetructlon wee co«r 
pleted, puplle were teeted on their mblUty to compere mcmeuree of mrem* 
In Bone Inetmncee the vtemeuree to be conqured were bmeed on unite thmt 
were the emne (congruent unite); In other Inetmncee theee memeuree In* 
volved unite thmt were not the eeme (non* congruent unite)* 

The study Involved all second- mnd thlrd*grmde pupils <110 subjects) 
from e single rurml community. The procedure used to Identify mptltudee 
for leernlng mbout units begmn with m pretest <20 Items) on understmndlng 
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unlta ot Length* Hext» puplla were given two Leatont detlgned to t^ach 
them tbout comparing meatutet ot Lengthy where they mutt take Into ac* 
count the tlze of the unit at well tfl the total ntmibet of unltt involved 
In each meatute* Finally^ a poatteat <20 Itetna) waa glven^ and puplla 
vere attatlEled Into three levela ot aptitude* Level I <low aptitude) 
Included 32 puplla who acoted below 55% on both the pteteat and poatteat 
and did not Improve their acotea by mote than 10% between teata* level 
II Included 27 puplla who acoted below 75% on the pteteat^ acoted 75% ot 
bettet on the poatteat^ and Imptoved their acotea by 15% ot mote between 
teata* Level III conalated ot two pupll« who acoted 75% ot mote on both 
teata* Twenty-nine puplla whoae acotea did not place them In one ot 
theae thtee aptitude levela <e*g*t thelt pteteat acore was 75X ot hlghet^ 
but thelt poatteat acote waa below 75%) wete dtopped ftom Eutthet atudy^ 
along with 20 puplla who did not complete the thtee-day teecb-teat pto-* 
cedute^ end the two puplla In Level III* 

The Inattuctlonal tteatmenta Eot leatnlng about atea wete developed 
aa patt o£ the atudy and extended ovet nine daya* the jot putpoae o£ 
the tteatment waa Eot puplla to compate and otdet meaautea o£ atea* In 
Treatment tf^ 26 pupll« <13 each from Levela I and II) were taught how to 
meaaure and compere areea which were alweya covered with congruent unlta* 
In Treatment U» 28 puplla (16 from Level I and 12 from Level II) were 
teu^ht how to measure and compare areea which were covered by unite that 
weie not congruent* In compering two meaaurea^ puplla in Treatment U had 
to conalder both the number ot unlta needed to cover a region and the 
alze u£ the unit* Treatment leaaona were taught to all puplla by the 
aome teacher* Four pupils apparently did not complete the treetment 
aequence * 

An achievement test developed for the atudy waa given aa aoon fls 
tteatmenta were completed^ end It waa given agaln^ ee a retention meaaure^ 
after four weeka^ The teat consisted of 30 Itema requiring pupils to 
provide a measure of area tot a given region^ end to compare measures for 
the areas of two different regions* Some of the comperlaon Itema (8) 
dealt with regions covered by unit9 that were the aeroe (congTuent)^ but 
most (14) dealt with regions covered by non-congruent units* 

A transfer test was also developed for the study and administered at 
the aame time as the achievement test* It consisted of 25 ItemD ofiten' 
slbly Involving "***more complicated questions about area» *>>end the 
attributes ot Lengths capacity^ and numerousness *" 



4 * Findings 

Treatment main effects and interactions were determined using a 2x2 
analysis of variance format for analyzing data* Pupils In Treatment U 
(where emphasis was on units) performed significantly better on the 
achievement test given itmiediately after the treatment^ and they performed 
significantly better four weeks later when the test waa given again as a 
meaaute of retention* Otherwise^ there were no other significant differ^ 
ences on posttre^.cment measures except for differences attributable to 
aptitude alone* Ho significant interaction was found between treatment 
effecta ^nd aptitude* 




ERIC 



5* Interpri <^mtloRi 



Rigmrdleii of aptitude, TrMtvcnt U, Involving work with unlti of 
«eMur«Mnt, wii climrly luperlor to th« nor€ simplified Initructlonil 
■■quinci for teaching the ekllli iiiiiied on the ■chlevement teet and 
for hmlplng puplle to retain theee ■kills. In addition^ pupils In 
Trsatnent U consistently referred to the unit When giving measures for 
rsglonsi but pupils in Trestment H did not« Also, problena where re- 
gions were not c<nrered exactly by units were sKire difficult than prob- 
lems where "coverage" was exact, snd compsrlsons with non-congruent 
units were more difficult than comparisons with congruent units for all 
pupils* 



From a technical perspective, this study se«ma to have sstlsfled 
dsslgn requirements so thst It Is statistically meaningful. Ths attri- 
tion of subjects betwsen the teach-test procedure for Identifying aptl* 
tude levels snd posttreatment achievement testing Is not complstely ex- 
plslned, but It doesn^t really seem likely that It would have affected 
trestment main effects. 

As fsr ss aptitude x treatment Intersctlons sre concerned^ the re- 
sults of this study only reinforce how elusive the ATI phenomenon Is to 
demonatrate In s research context thst Is meaningful to classroom learn- 
ing. To understand pupils* ncsds wall enough to provide spproprlate 
Instructional trsatawnts Is one thing, but to understsnd Individual 
differences well enough to engineer classic Interactions Is quite sn- 
other. In fsct^ the whole business of finding a trestment that fsvorably 
sffects low sptltude performances without similarly affecting high sptl^ 
tude performances Is counter-ltitultlvef unless there Is s celling effect. 

Itie results of the study do reinforce two things thst we seem to 
know about learnings but occaslonslly overlook. The first Is thst pupils 
tend to do better when they have bed direct practice with s task. From 
the description provided of the post-trestment echlevement test, ebout 
half of the Items (14 out of 30) Involved non-congruent units snd ware 
therefore unlike any of ths practice received by pupils In Treatment H. 
On the other hand* they seem to be quite similar to the prsctlce provided 
pupils In Treatment U. It Isn't clear Whether pupils In Trestment U had 
any prsctlce with congruent units* or not. If not, then results suggest 
that It Is sasler for pupils to gsnersllse from more difficult (and In-* 
elusive) tasks to simpler ones* thsn It Is the other vsy sround: this Is 
the second point we often lose sight of. Trsnsfer of lesrnlng from one 
task setting to snother Is often much too dellcste s phenomenon to sur- 
vive In robust Instructional trestments. In clsssrooot settings, positive 
trsnsfer seldom works the way would llks. In this study* Items on the 
achievement test surely required a good desl of transfer for pupils In 
Trestinent Nf and It dldn*t hsppen. When pupils from both trestments were 
given the test developed specifically to assess trsnsfer» neither group 
did very uell. 



Critical Coamentary 



49 



43 




Cronbach, L. J. And Snow, R. Individual Dlffftreoc^a in mlna 
AbtlltY am * Function o£ Instruct lonti V»rlablea . (Final Report)* 
Stanford, CallEomla: Stanford Unlverilty> March 1969* 



AAron 0« Buchanan 

SWRL Educatlotial Reaearch «nd DevftlopoKnt 
U>a Alamltoa^ California 
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TEACHER ATTITUIBI AS REIATED TO STUDENT ATTITUDE AND ACHIEVEMEWT IN EI£- 
HBNTABY SCHOOL MATHEMATICS* Phillips^ Robert , Jr. School Science ttid 
M»thginatlc» , v73 n6, pp501-507, June 1973* 

Bxp«n<]ed Abstract aod Analysis Prepared Especially for ItM«E« by Richard 
Honklerj Slippery Rock St^te Collage. 



1 . Purpodc 

To determine if a relationship axiats between the arithmetic attitude 
and achievement of seventh-gr^de students and the arithmetic attitude of 
the (a) students* most-recent \t«achers , <b) students' teachera for two of 
the past three years^ and (c) students* teachers for all three of the past 
three years. 



2* Rationale 

The opinion of many mathematics educators is that there is a rela- 
tionship between teAchers' mathematics attitudes and their students' 
attitudes and achievement in mathematics (DeVault, 1967; Fitsgerald, 1967; 
Houston, 1967; and Young, 1967). A study which considers the possibility 
that a student*5 arithmetic attitude reflects the attitude of the teachers 
he has had over an extended period of tlme^ rather than the attitude of 
one teacher whom he has had for a few months, would provide evidence which 
could be used to help support or negate this opinion* 



3. Research Design and Procedure 

From a population of 884 seventh-grade students in Cambell County, 
Virginia, a sample was selected of 306 students who had completed the 
fourth, fifth and sixth grades in this school district. In addition, 39 
teachers from the same district who had taught some of the students during 
the fourth, fifth, and sixth grades made up the teacher aample^ 

Apparently the independent variables in the study were (a) the arith- 
metic attitude of the students' most-recent teacher, <b) the type of 
teacher attitude encountered by the atudent for exactly two of his past 
three years, (c) the type of teacher attitude encountered by the atudent 
for his paat three years, and (d) atudent intelligence^ Dutton*s Univer- 
sity of California Arithmetic Scale 3 was used to determine the teachers' 
arithmetic attitudes, and the torge-TKomdlke Intelligence Teat was used 
to meaaure students' intelligence* 

The dependent variables were students* arithmetic attitude and stu- 
dents' arithmetic achievement. Students* arithmetic attitude was measured 
using Dutton*s Arithmetic Scale, Form C, and students' arithmetic achieve- 
ment waa measured using the Science Research Aasociatea Series*^ 

Two- and three-way factorial analyses of variance were used to analyze 
the data. All of the factors used in each analysis were not specified. 
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4. Findings 



a. HosC-tecent'Ceachet arithmetic attitude was significantly re- 
lated to students* arithmetic attitude* but not to students' 
achieve^nt (p < .05). 

b. Type of teacher arithmetic attitude encountered by the studant 
for exactly two of his past three years was significantly re- 
lated to students' arithmetic attitude and achieveEnent (p ^ .05). 

c. Type of teacher arithmetic attitude encountered by the stu* 
dent for a"ll three of ^i-s past three years was significantly 
related to students' arithmetic attitude and achievement 

(p < .01 and p < .05^ respectively). 

d. There was no significant interaction among the variables of 
<1) type of teacher arithmetic attitude (for one* two, or 
three years), <2) student arithmetic attitude^ and (3) stu- 
dent intelligence. 



5. Ini-?^pretations 

The author believes that this study lends support to the opinion 
that a teacher's arithmetic attitude is significantly related to the stu- 
dent's attitude and achievement In arithmetic. Furthermore^ he believes 
it shows that students' attitude and achievement are related In a positive 
way to the favorable attitudes of two of his past three teachers and to 
the favorable attitudes of his last three teachers. 



Critical Comntentary 

Designing a study to consider the possibility that students' atti- 
tudes result from the attitudes of several teachers to Whom the students 
have been exposed over an extended period of time, rather than from the 
attitude of a single teacher, is an excellent idea. However^ this reader 
Is unable to form his own conclusions about the internal validity and re- 
sults of this study because of the lack of information. Among the most 
important omissions occurring in this paper are: 

1. Neither the student attitudlnal mean scores nor the student 
achievement mean scores were presented for any of the analyses. 

2. Only one factor In each of the two- and three-way factorial 
ANOVAs was identified (Tables I, li, IIIj IV, V, and VI). 

3. The levels of each identified factor were not spelled out. For 
example* in the first two-way factorial ANOVA table Involving 
the Independent variable, moat-recent- teacher arithmetic atti- 
tude* one luust conjecture from the "Findings" and the degrees 
of freedom in the ANOVA table that the three levels of teacher 
attitudes are "Favorable"t Neutral", and "Non- favorable" . How- 
ever* the answer to the questions **What teacher arithmetic 
attitudlnal scores were used to operationally define these 
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categori^a?** !• left to the Imagination of the reader, Thia it 
also true of che single identifiable factors in the other AK07A 
tsbles (Tsbles II» III» IV» V» and VI>, As to the levels of the 
unidentified factors* one is not even st liberty to speculste* 

4, Since che researcher did not explsin or report the results in-* 
volving all the factors in the enslysest why wss a factorial 
design used? The reason for globsl use of thlB design wss 
never stated. One csn understand the use of s factorial design 
to substantiate the findings concerning the interaction of che 
independent varisbles* but whst about the anslyses which did 
not identify sll the factors, iDaklng it not only impossible to 
identify the intersction^ but slso impossible to understand its 
purpose? 

5- No mention of the need or use of • Multiple Cotnpsrison test 
wss rosde in connection with che ANCVA tsbles in which the 
degrees of freedom e^cceeded one and ch^ F-ratio was signifi* 
cant (Tables I and II>. 

6< In AHOVrA Tables I* XI » III snd V* the denominstor of esch of 

the computed F-^ratios wad the Within Groups Kesn Square; however* 
in ANOVA Tables XV snd VI the denominator of esch of the com- 
puted F-rstios wss the Within Cells Kesn Squsre* Is the reader 
to assume from the analyses involved in Tables I» 11* III» and 
V ths.t all che factors are fixed^ whereas for the analyses in- 
volved in Tables IV and VI the fsctors are random? Why sre 
similsr fsctors in one instance considered fi^ced snd in the 
next instsnce considered rsndocn? 

The idea for the resesrch wss a good one* However, this reader must 
question how effectively the suthor used scceptsble resesrch design snd 
statistical techniques to conduct his research since many importsnt as- 
pects of the study were not reported* 

Richard Hunkler 

Slippery Rock State College 




47 



53 



EJ 068 641 



SE 507 557 



KETRIfTIOH OP PROMBILITY CONCEPTS: A PILOT STUDY INTO THE EFFECTS OF 
HfcSTBRT UIARNING WITH SIXTH-GRADC STtlCCKtS* Romberg, Thqmii A.; ShepUr, 
Jick. jQurpil for Seicirch In ttotheroetlci Educitlon > v4 nl, pp26-32, 
Jinuiry 1973. 

Expind«<} Abstract and Aiuilysls Prepared Edpeclally for I.M.E. by Paul R. 
Triftoii, NitlonaL College of Education. 



1. Purpoae 

To Itnreatlgate the retention by sixth-grade students of probsblllty 
content on Which mastery was demonstrsted. 



2* Rationale 

The study Is part of the aasesainent of a unit on probsblllty snd 
statlatlcsn. It Is sn extension of previous research (Shepler, 1970) and 
snalyees student performance on a retention test. 

Studies of retention frequently revesl consldersble forgetting oc- 
curring soon sfter Inltlsl lesrnlng. On the other hsnd. It hsa besn denon^ 
strsted that retention Is greater when the degree of Inltlsl lesmlng Is 
great. In psrtlculsr, mastery lesmlng spproaches. In which emphssls Is 
placed on having most students lesrn at a high level, csn be viewed as 
promoting high level of retention. 

Since the Inltlsl study reported strong results [mean of 66*8 (92. 8X) 
out of 72 Items, mastery of 11 of 14 objectives, correct responss to 90t 
of Items by 21 of 25 studentsjt the retention tsst provides sn opportunity 
to examine the hypothesis thst the retention Level of mastery learning 
should be high. 



3. Research Design and Procedure 

Subjects were 25 slxth-grsde students who were tsught s unit on 
probability snd statistics^ A 72-ltem test messurlng 14 behsvlorsl ob- 
jectives wss sdmlnlstered ss s pretest, posttest » «nd retention test. 
T^st Items deslt with one-dimenslonsl sample spscss (36 ltema)t two* 
dl»enslonsl ssmple spaces (19 Jt«mi)t one- snd two-dlmenslonsl sample 
apacaa (7 ltema)t and ordering two fractlona (10 Items). Models described 
or pictured were coins, dlcet spinners snd boxes contslnlng objects. The 
rstentlon test wss sdmlnlstered 4 weeks following the posttest. In this 
Intervsl no Instruction or prsctlce on probability concspts occurred. Per- 
formancs on ths retention test Is snslyted Informally snd comparsd with 
prior performances of the teat for Indlvlduala the group. 



4. Flndlnga 

A. Correlation between Initial learning and retention. 
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Th« correlitlon between the poitteit mnd retention t«it wai ^78. 
On the poitteit 21 of 25 itudenti reiponded comctly to 9QX of the 
Items (with ill itudenti reichlng dOX)^ while on the poitteit 17 itu- 
denti reached thi 90X livel (6 othiri tiiched che 80X level)* Reten- 
tion ritloi (tBount retilaed ^ amount leeroed) varied from 60X to 
105X with 21 Itudenti having retention ritloi In the ringe .94 to 

B. Amount of ritantlon total group. 

U Overall Tait. Thi reiulti for three idmlnlitritloni of 
the teit ere: 





Preteit 


Poitteit 


Retention 


Mean (72 Iteme) 


27.28 


66.80 


64.40 


Mean In tetmi of percentige 


37. 9X 


92. SX 


89. 5X 


Vir lance 


74.13 


1U17 


56.95 


Retention ritlo 






*96 



2* Objictlveii On the poitteit lubjecti ittalned the 90X 
level (90X of itudenti demonitrited maitery) for 11 of 14 ob^ 
Jectlvei. On thi retention tiit^ performance on 7 of choie 11 
objectlvii remained above crltirli leveli* Retentloni ritloi 
for objectlvii ringed from .43 to 1.09 with ritloi >^ ^80 for 11 
objectlvei. The two objectlvei for which Inltlil ichlevement 
wii low bad low retention ratloi. 

3. Itemet Retention ratloi were above .90 for 63 of 72 Item. 



5. Interpretation! 

The reiulti lupport the hypotheili thit a high level of Initial learn- 
ing (90% maitery by 90X of che itudenti) producei high retention leveli. 
Thli holdi for Indlvlduili ii well ai group performance on ipeclflc ob- 
jectlvei ind Itema* 

The authori ciutlon igalnit generalising che reiulti. They note that 
the design did not control for teit-trestment Interictlon^ ilthou^ chey 
luggeit thit It would be unlikely for the Isrge Item gilni itid high reten- 
tion rstloi to bi due to thli. Iti^y slio rilie the queitlon of the length 
of retention perlodi for mesiurei of forgetting hsvlng prsctlcsl ilgnlfl- 
csncet iful recommend the uie of longer retintlon perlodi In future itudlei. 

Reference li msdi to two reieirchsble problems emerging from the 
itudy. The flrit li the relitlonihlp between cDm|>lexlty of objectlvei 
ind sblUty level of itudenti* The two objectlvei on which Inltlil per- 
formance snd retention performance wii low were onei for which luch re- 
iulti might have been pridlcted from a Pligetlan framework. Second the 
high correlation for i teit wlch low variance lugg^iti the hypotheili 
that ".**wlth Itudenti who leirn for maitery^ queitloni mined on an exam 
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tept«i«fit iMtetlaL which !■ not known. In thit ciie» the high cotteL«tlofn 
observed would be undet4t«nd«ibLe,'* 



Critical CoMBMtntTy 

Thle InfonuL etudy hie much to tecooMnd It* It ■uggeiti « pro- 
cedure for guiding curriculum development «nd validating meterlale. The 
approach to aeeeealng and analysing learning provides helpful Ideaa for 
uee In more carefully controlled etudlee. It provides a email additional 
piece of evidence and much food for thought on an Interesting hypotheele 
that deele with importent ■■pecte of learning and Instruction, 

Three additional observations can b« made about the study* 

1, Although data about the Instructional unit and the development* 
validation and reliability of the test are provided In earlier re- 
sesrch reports^ a summary of such Information here would help the 
resder Interpret the findings more adequately* 

2, The high pretest scores (40% of subjects attained 50% or greater) 
should receive grester attention In the discussion since much of the 
analysis deals with the comparison of learning occurring during In- 
struction «nd the retention of that learning* The attslnment of 
mastery learning ststus may have been a function of knowledge brought 
to the study of the unit* Ferhaps the test was too easy» measuring 
too heavily what was previously known and thus not reflecting sde- 
quately what was learned during Inatructlon This could account for 
the strong retention teat performance* In my event It weakens the 
Investigation of the relationship of the effects on retention of 
Initial learning under Instruction st the mastery level* For the 
four students who performed the poorest on the pretest^ their per- 
formance on the retention test seems to fit better their pretest 
performance rether than their posttest performance^ even though two 
of them showed mastery on the posttest* It would seem that future 
investigations of the centrsl question could profit from controlling 
more carefully knowledge students bring to the study of new content* 

3* The test had 72 items measuring the 14 objectives* Vet three ob* 
Jectives had only one item each (two objectives each were measured by 
two items)* One might question whether this is adequste to determine 
mastery learning of an objective* IWo of the three objectives meas* 
ured by one item showed low performance on the posttest and retention 
test* Vet these objectives were the basis of interpretation and 
discussion regsrding the relationship between levels of cognitive 
development and learning* with such a small informstion base caution 
needs to be observed in any interpretation of performance* 

Faul R* Trafton 

National College of Education 



56 



50 



THE CHILD^S CONCEPT OF LIMIT, Tabmckt 5, In Rosmkopf* M, F, (ed,>» 
Qlil4rtti** M»tb>mmtlc*l ConCftPtg a six FHutetiAn Studl^a In Rath€matlc< 
Educmtlo*^. New Torkj Teachers College Frets* 197S, 

Expended Abetr^ict end Anelyele Prepared Especlelly for I*M,£, by John G* 
Harvey* University of Wis cons In^Madlaon, 



1, Purpose 

This study Investigated chlldren^a Intuitive underatandlng of 
acveral concepts aubordlnate to the concept of lltnlt. The aubconcepta 
are (1) the rule of correapondence for the tense of a sequence* (2) the 
neighborhood of s point* (3) convergence (divergence) of s sequence* end 
(4) limit point. 



2, lUttlonele 

In The Chlld^s Conception of Space (1967), Plaget and Inhelder 
deacrlbe a continuity experiment In Which they Inveatlgate chlldrea*a 
ability to conceptuellze the Iterative aubdlvlalon of one* end two~ 
dimensional geometric figures and the lltnlt of the resulting sequence 
of objects. In addition, children were asked to Insert as msny points 
as poaalble between two polnta on a line aegioent in order to dlacover If 
the children think of the line as a collection of points. In this study 
the Inveatlgstor scknowledges thst this work of Plsget and Inhelder doea 
provide an Introduction to chlldren^a understanding of the concept of 
Unit, but he feela that It doea not give a true representation of that 
underatandlng because "* * * (1) he (alc_ » Plaget and Inhelder) relied 
solely on the procesa of aubdlvlalon to obtain his results and (2) he 
relied aolely on objecta and altuatlona that have a dlatlnct geometrical 
orientation/' Thla study attempta to extend the Initial work of Plaget 
and Inhelder* The investigator feels that his study Is especlelly rele- 
vant because mathematics educatora have reconnended an earlier Introduce' 
tlon of topics In analysis, especially the distinction between rstlonsl 
and irrational nuoiiers and infinite sequences of real nunbers. 



3* tlesearch Design and Procedure 

Eight tasks were designed to implement the study. The tasks, each 
named for some pertinent physical object, are (1) Magazine Covers Task, 
(2) Alternating Rabbit Task, (3) Diverging Squares Task* (^> Converging 
Streets Task, (S) Neighborhood Task, (6) Halfway Rabbit Task, (7) Steps 
Task, and (a> Probabilistic Rabbit Task, In all but the Neighborhood 
Task eatih S was presented with a sltustlon in which a given rule defined 
a aequence of converging or diverging objects; S, had to indicate Whether 
he underatood the rule. Next, the £ was asked to demonstrate, at both 
the concrete and abstract level * whether the sequence converged or dl^ 
verged. Finally, if the sequence converged, the S, was aaked to identify 
the limit point. The Neighborhood Task appears to be quite similar to 
those used by Plaget and Inhelder (1967), 
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A pilot fltudy vM conducted in vblch each of ttw tmakm w«re fldnia- 
iatend to 30 ^* On th« bMMim of thlfl pilot study it was d*cid«d to 
iMtrict the ?robabiIifltic Rabbit Tuk to in the wMia study vho hed 
"cUflr undeti tending" of the limit point in the Helfwey Ribbit Teek, 

Five flchoolfl perticipated in the main study. Five children vere 
selected at random frovi each echool at eech of three age levala-^ei^t 
years, ten years, and twelve years, Alaost all of the Ss cane from 
Middle to upper-^ddle class hones. The investlgstor describes then 
aa . , verbal, unusually sophisticsted, and very nuch at ease in 
expressing their opinions*" The taaks were individually sdolnistered 
to esch of the 75 £s, A tspe recording vaa oMde of each interview and 
evaluated using a predetersdned rating schene« The cstegories used to 
rste Ss responses vere (I) clesr understanding, (2) uncertsin under- 
standlngt and (3) no understanding. The investigator reports that sub- 
ject perfomance was generally not difficult to categorise; an answer 
vaa uaually conpletely right or completely wrong. If a ^ responded 
that he did not know the answer or if he failed to respond, the response 
vss claasified aa being in Category 3. In order to measure the reliabi- 
lity of the rsting scheme s colleague of the inveatigator vaa trained to 
rate the audio tapes; there vas a 93,2 percent agreement between the two 
Judges, The nunber of responses in esch category for esch task sre 
reported for esch of the four subconcepts. 



4, Findings 

Except for the Frobabilistic Rabbit Task, all S^s attempted the 
firat part of every task, but not necessarily the other parts of the 
tasks. On each of the four litnlt subconcepts, tables are included whidt 
deacribe the nui^er of ^ classified as being in each category on each 
task. Although the study vas not designed to study differences between 
girls and boyst the data vere retabulated to present these results 
separately. Aside from this, no further analyaes of the data vere 
performed. 

In order to condense this data for presentation here, the percent^ 
ages of S^s who responded on some task are presented by category. Each 
percentage vas calculated by totaling the nunber of responses rated to 
be in s given category and dividing that nunber by the total nundaer of 
responses on all the tasks related to that subconcept. These calcula- 
tions resulted in the following: 
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CATEGORY 1 


CATEGOKK 


2 




TotAl Ho. 
of 

Reaporuei 
























8 


Age 

10 


12 


8 


Age 

10 


12 


8 


Age 
10 


12 


6 


Age 
10 12 


Rule of 

Co r r e^p ond ence 


52% 


61% 


81% 


13% 


9% 


13% 


35X 


10% 


6% 


150 


150 150 


Convergence 
Concrete Level 
Abstract Level 


51X 


72% 
60% 


88% 


17% 


3% 
5% 


2% 
2% 


2 SI 
31% 


23% 
15% 


loX 
9% 


117 

70 


158 165 
96 112 


Neighborhood 
Open Interval 
Open Circle 


12% 
18% 


56% 
38% 


64% 
44% 


48% 
27% 


24% 
33% 


32% 
28% 


40% 
55% 


20% 
29% 


4% 
28% 


25 
22 


25 25 
24 25 


Limit Point 


33% 


43% 


50% 


18% 


12% 


9% 


49% 


44% 


41% 


72 


108 117 



5. Interpre tations 

Th« investigator concludes that eight-year-old subjects could do 
little more than follow a simple rule of correspondence* He notes that 
usually a naxlnum of 60 percent of them were successful with the rule of 
any particular task* Next he concludes that the eight-year-old lubjecti, 
ev«n when they vere able to understand the convergence of a se<luence on 
the concrete level, were unable to do so on the abstract level. Finally^ 
within thii age group the investigator comments that 20 percent or less 
of the children could indicate the boundary of a neighborhood or identify 
any tingle limit point. 

On the basis of the data the investigator concludes that the 10-year^ 
olds* performance was very similar to that of the 12-*year-olda on moat 
the concepts examined. In strong contrast to the performance of the 
8-year-olds those 10- and 12-year-olds who understood the convergence of 
a sequence on the concrete level were usually able to do so on the 
abstract level. While 10- and 12-year-olds performed almost identically 
in describing the boundary of a neighborhood^ they performed quite dif- 
ferently in conceptualizing the number of points within it. He itates 
that *\ . . only one 10-year-old child could conceive of infinitely many 
points » where eight 12^ear-olds could do so.** He also concludes that 
the older subjects were able to conceptualize a given limit point to a 
greater degree when the point was not actually visible in the diagram. 

Finally, the investigator concludes that all three age groups 
included in the study performed at extremely low levels compared to the 
Geneva group. 
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Critical Cotnwentary 



This fltudy appear* to have been well coacelvedp well plaan^di and 
executed with care. Hovever there are aooe queatlona ralaed by thla 
atudy which ahould be aaked and carefully considered. They are; 

1. Why did not the Investigator flr»t Initiate a study which 
attempted to replicate the continuity experiitents of Plaget and XnhclderT 
Poor performance of MtS* children on those tasks might have led the In- 
vestigator In directions other than the one reported herft, but one could 
speculate that had It not, this study would have been greatly Improved. 

— 2* —Why- did the Investigator focus primarily on sequences and 

sequential convergenceT If one looks ahead In the mathematics currlcu* 
lump the more Important process would seem to be one which aoalyves what 
Is happening to the function f whenever points la Its domain are In a 
neighborhood of a point a. The limiting process applied to sequences Is 
not necessarily the first step In acquiring the limiting process. 

3. What opportunity to learn id>out limits and nel^iborhood had been 
afforded the children who participated In the study? While the perfor- 
mance of the children on the tasks indicates they had had little opportu- 
nity to learn, this Is not documented. And If* as he statesp the 
Investigator Is Interested In whether or not children can acquire these 
concepts I why did he not generate some learning situations eohodylng 
theae concepts and add to his Investigation by studying the effects of 
that treatment? The present study does not really help mathematics 
educators to determine If It Is appropriate to attempt to teach these 
concepts to ^i ^^"t or 12-year-old children; at best It documents that 
these" concepts are not generated spontaneously from the chlld*s experi- 
ence. 

4. Some of the conclusions seem strained. Too often he makes 
conclusions based on responses front fewer than one~thlrd of his subjects 
of a given age. While these conjectures are the substance of good 
research hypotheses* they seem to strain the quality of sound Inference. 



John G. Harvey 

University of Wlsconsln-Hadlson 
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TBI MELATIOKSHIF OF AMSk COliSERVATION TO AKBA KEfcSUlC0<EHT AS AFFECTED BY 
SfiQUmci OF FKBSIHTATION OF FIAGETIAll Am TASKS TO BQTS AHD GIRLS IN 
GKADIS Om THRDUGH THREB. T«loil»lfl» TballA. Jourg^l for Rag«irch In 
Mtth*«atlc# Educatlott . v6 n4, pp232-242, Novewber 1975, 

Expanded Abfltract «nd Analyalfl Freparsd E*p«clall]r for I.H.E. hy Leslie F. 
Steffe* Vn±V€tMtty of G^crgle, 



1. Pun)0«e 

TaXcmvlfl Inveetlgeted the relationship betveen eree conservetlon end 
eree seMurciMmt* Specific queetlone poeed by Talouaie were: <a) do chil- 
dren who ecore hl^er In eree aeeeureaent elen ecore hl^er la eree con- 
eervAtlon* or (b) In eccordence with Fleget'e theory* would the concept 
of coneervetlon of eree heve to be ettelned to fecllltete thet of eree 
meeeureMentT 



2, Rstionele 

Talouole Indlceted thet even though eever4l etudlee hed inveetlgeted 
either eree conservetlon or* eree meeeurementt At the tlve of the study* 
no reeeerch hed Inveetlgeted the reletlonshlp of the level of etteinnent 
of eree conservetlon end the level of ettelnnent of eree aeesureBent.. 



3* Reseerch Deslgi end Frocedure 

The Aen^le consleted of 168 olddle-clsse children renglng In ege from 
6 yeers 5 months to 9 years 4 months eelected from gredes 1* 2* end 3 (56 
from eech grade)^ IVenty-one classrooms of children fron 3 echools were 
used ss a populstlon* 7 at each grade level. Classrooms were selected 
rendomly within echools efter which children were selected randomly 
within clessroons — 4 girls and 4 boys from esch. 

Three eree conservetlon end two eree meesxirement tasks were pre- 
eented to eech child on en Indlvlduel besls. Two task sequences were 
used; C1C2C3H1H2 end HiH2CiC2C3t where C| le conservetlon tssk 1 and H| 
la area measurement task One hslf of the 168 children were adminis- 
tered one eequence end one hslf the other. 

Area conservetlon task Cx Involved phyelcel transformation of one 
of two rectangular cards by cutting^ eeperatlont rotation^ and reerrange- 
ment. Task C2 Involved placing "rocka" on "fields of grasa" In differing 
errengemente. Task C3 Involved two "grounds** for flowers being compared 
as one was successively rearranged. 

Measurement task H| Involved the concept that the aress of two non- 
congruent regions may be compared by determining the nuinber of unlt- 
squarea covering each of the regions* Teak H2 was essentlslly the same 
as H| except for Intratask sequence of unit coverings. 
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AHOVA vu used to aoalyi* the data. Th« factors ware Grad** Sex* 
«id Sequence. Eegrasalcm analyaea were aleo done for *ach grade with 
either Conaervatloo or HeaeurcMnt as criterion v«ri«kle snd Sex* 
Sequence* and Conservation or Hcasureflsnt (depending on which vas used 
as criterion) as predictors* 



4^ Findings 

1. Using Conservstion as the dependent vsriablSt Grade and Sequence 
were ststlsticslly sifniflcsnt* 

2. Using Measurement as the dependent vsrisitlet Grsde and Sequence 
were ststlsticslly signlficsnt* 

3* The isesn for the conservstion tasks in the case of GH (conserve* 
tion tasks presented first) was 48*20 snd in the case of HC* 51*81* 

4* The mean for the raessurement tasks in the case of CH was 51*43 
snd in the case of HC* 48.62. 



5+ Interpretations 

tsloumis included the following points in discussion of the study* 

1. If sres conservstion tasks sre administered firsts the scores on 
the area measursnent tasks are increased* and vice verss. 

2* Piaget*s theory . . . that the ability to measure quantities is 
dependent on scquired concepts of conservation^ appears not completely 
tenable* 

3* . * *area conservation performance and area measurement perfor* 
inance are equally predictable if the scores on one of these is known* 

4. * . .children's performance in srea conservation and sres 
measurement show no dif f erentistion in amount of increase from grsde to 
grade* . . . These results do not sgree with Pisget's theory thst 
messurement occurs '^spontaneously *" «... 

5. . . .the study lends support to programs that include instruc- 
tion on area measurement In the primsry grades . « « 



Criticsl Conmentary 

It seems to be popular these days to report studies of children's 
basic mathematical concepts which appear to be stimulsted by some Issue 
raised by Pisget's theory of cognitive development. The present study 
raises an issue of the psychological relationship between conservstion 
of srea and measurement of area. The issue can be clsrified by an 
analog. Consider the group of Euclidean motions of the plane* A geo- 
metrical property is called Euclidean if it is preserved under the group 
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of EucIldMu ootlons* for «xsi^l«t dlit^au Is a Buclldcm propcrt^t 
MM It Is preserved under glides * reflection* * rotstlons* «nd their 
compositions. Dletsnce 1* not s projective property beceusft projectlvi-* 
ties exist which do not preserve the distance between two points* In 
fectt It tnekfts little sense to think ebout distance In the projective 
plane* The preservation (or conservation) of a geonetrlcal property * 
then* le relative to e group of transformation* (in mathenatlcs) . It 
makes little sense to talk about preaervatlon of a property apart from a 
group of transformations. 

In colfptiltlve development psychology, the situation ae I understand 
It Is quite analogous. Conservation (or the leek of It) Is menlfeetatlon 
of presance (or lack) of grouplngf (logical or Inf raloglcal) In the 
cognition of the Indlvlduel. Data on conaervatlon of area and measure* 
nant of area ae measured by Talouods oug^t to be statlitlcslly related* 
That it was ie not ■urprising* One does not acquire "conservation" end 
then ecqulre "measurement" if Fleget's theory is to be believed* 

There are elso issues concemlag coi!q;ietence and perfoinance thet 
Telotimis does not address* Such distinctions could shed light on why 
non-'unlform Jumps did not occur In the data acrois egee. 

In view of litereture Indlcetlng sex dlfferencee in mathematlcit it 
is important to note the nonsignificant results due to Sex* Could it be 
thet differences observed et older age levels are not Indlcetlve of e 
cepablllty to leem mathematics? 

Leslie F< Steffe 
University of Georgia 
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STODX XX^AH mVESTXGATXOH OF THREE DXFFEKENT RESPONSE FORMATS FOR A TWO- 
DXGIT AIH>XTXON AHD SUBtlACIXOE TEST, Wume» Dltti«t Whltaksrt Don^ldt 
Ro^srtt Thou* A* Xn Rondiftrgt ThoMS A, (ed,), Four StudlciL on Aap^cf 
of Mm^ntnR CowputJitlonal fjtrfoT^afic^* Tg(jmJLc4l Reoort So. 297 , 
tflscofwln Riefte«rch And BevclopMnt Center for Cognitive L«ftmlng, The 
University of WUconsln^HAdUout July 1975, 

Expanded Abetrect And Anelyele Prepared Especially for I,K,E. by Bstbsrs 
J* Pence, Stanford University. 



1, Purpose 

The purpose wes to determine if the response format for s 30-ltem 
two-digit addition and subtraction test affects the score. The fomate 
Investigated are coi^pletlon* inultlple->cholce, and ehade*the->clrcle. 



2. Rationale 

In assessing computet lon«l skills, the conpletlon fomat is the tto«t^ 
desirable but tine and number of children frequently dictate the use of 
nachlne-n cor able tests. The nost coionon machlne*scorsble test format la 
Bultlple choice. Disadvantages of the intltlple*cholce fomat Include 
guesslngt reading probleost confusion produced by the variety of choices* 
clues given by the choices, and limited use for diagnostic purpose. 

Despite the disadvantages * several advantage* for machlne-acorable 
teats explain the popularity of the idultlple->chol ce format: the acorlng 
la less expensive, more accurate, and requires less time (Bloom et al, * 
1971). Thus an Investigation of the effect of different teat formate 
Including a machlne*acorable format which avoids the abort comings of the 
multiple* choice format la needed. 



3. Research Dealgn and Procedure 

Three responae formats were constructed for a 30-ltem 2'-dlglt 
addition and aubtractlon test In which two-thlrds of the Items involved 
regrouping. All formats used the same Items In the same order. The 
formats were: 

(a) Completion. The child recorded his response below 
tho Item* 

(b) Multiple choice. Four choices were provided for each 
Item* one of which was "none of these." 

(c) Shade the circle. The response format consisted of a 
three*colusa grid In Which each column contained the 
digits from 0 through 9. The child shaded the circles 
In the approprlste column corresponding to the digits 
In the solution. 
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Slxty^on^ tttcond-'grAde children from one tchaol wer« rtndoaly 
utlgned to three groups^. Each group received « different form of the 
test; tht Buchlne-^tcoreble formatt were adminletered the authors of 
the atudy and the completion format was given by a classroom teacher.. 

Analysis of the results lucludsd computation of means and rellablll-^ 
tlest palr-wl»e comparisons of the meanst and an analysis of variance. 



4. Findings 

(a) Means and reliabilities. Means varied from 16.90 for 
multlple-'cholce to 18.86 for sh«de-the-clrcle, Hoyt 
reliabilities varied from «83 for coiqtletlon to .94 
for shade-^the-^ circle. 

(b) Palrwlse coa^arlsons of means. Differences between 
means for mtltlplencholce vs. completion and shade-the^ 
circle vs. coiapletlon were not significant (p < .6037 
and p < .5312 respectively). 

(c) AHOVA. The overall F^atlo was not significant (p < .5005). 



5, late r p ret at Ions 

For this group of children^ the test response format did not Influ- 
ence the score on the computation test. Thus the authors believe that 
for a test of computational skills* the shade- the- circle format provided 
a viable alternative to the oultlple^cholce format. 



Critical Commentary 

This Investigation was well designed and clearly described; a real-* 
Istlc and manageable queatlon was asked and studied. One problem arises 
concerning the data* The means were recorded for each experimental group; 
the standard deviations! however* were omitted. Without standard devla-* 
tlons* It is Impossible to pursue the validity of the analyses. 

Research literature contains many replications of these findings for 
the comparison of the completion format and multlple-'cholce format. 
Studlee have Indicated that when etudents are given each format, comple- 
tion and multlple-'cholce, testing the same materlalsi the scores are very 
similar (Bloom et al . * 1971). 

The significant contribution of this study la the examination ^d 
derived viability of the shade-the-clrcle format for coi^putation tests 
given to early elementary school children. 

The significance of the study's conclusions Is limited. Extension 
of the Investigation to other age populations and cognitive levels would 
be valuable. Alternative machlne'Scor«ible formats which would minlmlie 
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the dlBadvantages of the multlple*cholce format for comprehension and 
analysis items would be especially Interesting. Diagnostic test formats 
would define an additional domain for further research, 

Barbara J. Pence 
Stanford University 
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IKTEEACTION OP SPATIAL VISljALIZATlQN AND GENBEAL R£ASCWING ABILITIES WITH 
INSTRDCnOKAL TREATMENT IN QUADEATIC INBQtJAUTlES ; A FOLLOW-UP SWUt. 
Webb, LeUnd P, ; Carry, L, lUy* Journal fot Research Itt Hathcmatlo Edu- 
catlott , v6 n3, ppl32-140t May 1975, 

Expanded Abatract and Analysis Prepared far I,H«E« by Clyd^ A, Wiles, 
Iiidiana University Northwest. 



1 * Purpose 

The purpase of this study wa^ to inquire further into an aptitude- 
treatment interaction reported by Carry (1968), Carry's study indicated 
an interaction between the aptitudes of spatial visualization and general 
reasoning with instructional treatments described as graphical and ana- 
lytical. However, the teliabiliry of the criterion test was very low, 
and the direction of the interaction was opposite from that anticipated. 
The specific purpose of the present study was to replicate the earlier 
finding, if possible, and at the same time extend and clarify the meaning 
of the unexpected interaction. 



2, Rationale 

The theoretical base for this study involved Melton's (1967) model 
for investigating individual differences in learning. Melton's model in- 
cludes four major components, each with several subcomponents, that de- 
scribe the learning process. Briefly, the foar major components aret 
1) the stimulus-differentiation (the external stimuli together with the 
internal encoding response of the learner), 2) the response integration 
(the totality of learner responses to the stimuli), 3) a "hook-up" be- 
tween the first two components, and 4) an association-mediation component 
that represents an alternative mediational route which presumably func- 
tions until the "hook-up" Is formed. The study being reviewed is con- 
cerned with the association'^m^diation component and one subcomponent of 
the response integrstion. 

It was hypothesized that subjects with relatively high spatial visu-* 
alization aptitudes have association-mediation components that would be 
expanded by the verbal analytic treatment, and that subjects with rela- 
tively high general reasoning aptitudes have association-mediation com- 
ponents that would be expanded by t:heir graphical treatment. Students 
experiencing a treatment 'Wtched** wHh their aptitudes would not be ex- 
pected to expand their association-mediation components. 

Therefarei it was hypothesized that spatial visualization would pre^ 
diet success on the transfer test in the analytical treatment, and that 
general reasoning would predict success on the transfer test in the 
graphical treatment. 

The appropriate measure of this expansion of association-mediation 
components was taken to be a transfer test. 
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3 . RgtMrch Design and Procedure 



The expetiflitftnt involved 249 tecoind-yedt alg^btd students who were 
randomly assigned to the two treatments. Esch treatment Involved fgur 
pariods of unspecified length on presumably consecutive days* The first 
was spent completing four measures of aptitude, the second attd third were 
spent reading progranaoed instruction (PI) booklets* and the fourth perigd 
was spent working through the transfer test. 

The four aptitude testa were obtained from French* Ekstrom and Price 
(1963) ai^ Guilford (1952)* and involved 100 items. Two of the tests were 
measures of spatial-visuali:(ation and two were messures of general reason- 
ing. The criterion test wss a 20-item revision of Carry's (1963) test. 
It is described as containing "new probl^s that sre related to the prob- 
lem* presented in the FX booklets." 

The PI bookleta dealing with the aolving of quadratic inequalities 
were chose "used by Carry (1968) — revised* rewritten* and extended." 
One of these, the analytical treatment (A)* was "designed to iiae the 
mtiltiplicative property of signed numbers," and the other* the graphical 
treatment (G), wa? "designed to make maximum of graphs." 

The report does not indicate the number of frames* problems* or 
length of the PI booklets. Measures relating to student success in com- 
pleting the booklet were not reported. 

The mean scores on the transfer tests were expected to be the same* 
Th^ appropriate test for an interaction was taken to be sn P test for 
homogeneity of regression in the hyperspace. 



4. Findings 

The findings were as follows: 

(a) A visual comparison of th'j group means on the criterion tests 
<9.07 and 8.60 with standard deviations of little more than 3) 
led to the conclusion that the means were the same for both 
groups . 

(b) The reliability coefficients of the transfer test were grester 
than those obtained previously by Carry. 

(c) 14o interactions were indicated by the P test. In sutmary, 
there wss no evidence of an interaction of the instructional 
treatments with the aptitude variables. 



5. Interpretations 

The data did not support the findings of the earlier Carry study. 
In fsct, two conmon items from the Carry criterion test snd the criterion 
test of this study produced inconsistent data. 
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WhlLft ■cknowLedglfig thit the teiuLts of thli experiment were not 
ptomlilngt the luthoti indlcited continued optlmlim about ATI studies In 
general.. 



Critical Conmentary 

A strength of M9 study Is the attempt to employ s theoretical 
model to clarify tb^ Instructional fsctors actually present In the event 
an ATI Is found.. Furthemioret In light of the frequent failure of studies 
to find sptltude Interactions st sll, the need to replicate when such 
findings are reported Is apparent.. Aside from this * s nuoiber of Issues 
cane to mind during the course of preparing this expsnded abstrsct.. 

1. It Is not clesr whst transfer means In this study. The concern 
with reliability Is evident* but whst can be demonstrsted of 
Its vslldltyT 

2. Exactly whst did the trestinents tesch the subjects? Wss there 
dlfferentlsl lesrnlng of content due to treadnentsT Did che 
treatments sttempt to tesch exactly the ssne objectives? Whst" 
ever the esse may be* It seems unreasonable to expect much 
chsnge In students' sbllltles to do transfer tssks If they have 
not shown s mastery of some other relsted tssks.. It seems not 
too unlikely thst the extensive pre-'testlng would tesch ss much 
as the two periods spent resdlng programmed Instruction booklets. 

3. It Is not clear what implications che study hss for the theo- 
retlcsl model* If sn Interaction similar to that found In the 
earlier study hss occurred, the model would surely hsve been 
sppesled to for an explsnstlon. Since no Interaction wss found* 
do we then conclude thst the model Is faulty* or perhsps that 
this appllcstlon Is fsulty* or some other slternatlve? One 
ususlly thinks In term* of matching Ins t ructions 1 trestmenta 
with observed abilities when ATI studies sre discussed. The 
Ides of choosing a dellberste mismatch of Instruction snd aptl* 
tude with the objective of compensstlng for observed sblllty 
weskneases seems novel. Perhsps this Ides should be explored 
In gTester depth. 

4. But suppose the treatments were clesrly distinct and thst both 
were adequste In promoting mastery of some clearly Identlled 
objectives. And suppose furthermore* that che criterion test 
was a vslld test of some clearly defined transfer tssk; what 
then? It Is not clear that we would have much more Information. 
Perhsps we err In supposing thst sny adequste Inatructlonsl 
trestment* even carefully circumscribed programmed ones* can 

be sufficiently unldlmenslonal so ss to match (or mismatch) 
Identified abilities In such a wsy that other unidentified sbll- 
ltles do not confound our Intentions In some way. To the extent 
thst this may be true* populations with severely limited abil- 
ities may provide tbe clesreat direction for ATI studies. 

6Q Clyde A. Wiles 
^ Indlsna University Northwest 
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FIAGET'S SVSTEH OP 16 BINARY OPEIUJIONS: A» SHPIRICAL INVESTIGATION. 
WeltSt LAvrence Bynun* Terrell Ward; ThoiDt«t Junes A.; Steger* 
Joseph A. The Journel of Genetic Peychology^ vl23, pp279--284, 1973. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. ¥y Suzanne 
K. Banarln and Kichard J. Shunmay, The Ohio State University. 



1* Purpose 

TO replicate* using a larger group of subjects^ results reported by 
Xnhelder and Plagct <195S) concerning the use of 16 binary operations by 
an Individual at the stage of formal operations. 



2. Rationale 

Ihhftlder and Plaget oalntaln that subjects at the stage of forsial 
operations use the full Isttlce of 16 operations on pairs of statements In 
the process of solving problems* while subjects at prior stages do not* 
Their evidence lies mainly in the analysis of one protocol. In earlier 
vork three of the current authors re-analysed this protocol and Identified 
only six of the operations. Horeover* two professional logicians among the 
authors were able to construct natural language equivalents for only 10 
of the 16 logical forms (operations). 



3. Research Design and Procedure 

Fifty-seven subjects at three age levels (9-* 12-, and 16-year-olds) 
were randomly selected from the population of a school syatem. Each 
subject was tested individually using the Invisible Magnetism appsratus, 
which was built in conformity with the descriptions given by Inhelder 
and Plaget. Subjects were asked to find and verify the reason that a 
rotating Iron needle stopped at a certain position; several Irrelevant 
variables were present in addition to hidden magnets. A system devised for 
the purpose was used to score protocols for the number of uses of each of 
the 10 logical operations for which natural language equivalents were 
Identified. Differences In usage frequencies were tested using the ehl*- 
square statistic. 



4. Findings 

Subjects In the three age groups were not found to differ In the number 
or types of logical operations used. All groups enployed the same five 
operations; conjui^ctlont ivipllcatlont disjunction* converse Implication* 
and Independence of p in relation to q; the first two of these forms 
accounted for a majority of the logical usages observed. However* older 
subjects used the 5 forms In more complex and Integrated ways than younger 
subjects did. Eighty percent of the subjects tested immedlstely guessed 
the role of magnetlam. 

64 



ERIC 



70 



5. Intergretatlona 



The authorfl queatloa the validity of Inhelder and Plaget^e Inter- 
pretetlone, 4Uid conclude thet loglcel growth would be meeeured more 
effectively by ine trumente uelng only the meet conmon logical forms In 
situations of graded complexity. 



Critical CoQgdentary 

1* Although the declfllon-meklng procedures for claaelfylng Inatancee of 
10 binary operatlona are carefully delineated, there la no deacrlptlcn of 
the criteria for determining when usage la "complex and integrated" or **slnple 
end nonintegrated*" Thla variable would ae«m to be difficult to define* 
Am older aubjecta could be aaauttcd to have greeter knowledge of the variablea 
involved In a situation, the greater conplexlty of their atatementa might 
reflect their poeeeselon of oore "bite" to Integrate In addition to* or 
rether than* greeter integretlve eblllty* 

2. The protocols of the BOX of eubjects who imiiedlately recogniaed the 
magnetic character of the apparatua are not compared with the protccola of 
the 20% Who did not* For the former the problem waa eaaentlelly one of 
explanation* while for the latter deductive problem aolving waa preeumably 
neceaaary. la the meaningful aample thua reduced to ten or eleven aubjecta 
principally from the youngest age group? 

3* Tablea of meanst and other deecrlptlve data, are miaalng from thla 
paper. Relative frequenclea of usage of the five forms, within group 
variational and other Important data are not reported* 

4* The only atatlatlcal teat reported Is a * •4917, p greater then 
• 05* We have nc eatimate of the probability of being wrong If we asaume 
there were no dlfferencea* 

5* Piagetian taaks are often difficult to reproduce* A complete description 
of what wee done Is necessary, partlculsrly since the authors are refuting 
the procedure* 

6* The experiment reported here does not ufflce to refute the claim of 
Inhelder and Plaget that use of the complete lattice of operations is a 
necessary condition for the period of formal operations* The authors have 
inetead demonstreted that this usage waa not evidenced by a small aample of 
aubjecta on a particular teak* However^ they heve not provided Independent 
evidence thet any of their aubjecta had fully attained the formal operational 
atage* Horeover* even If such evidence were presented* there would be no 
guarantee that a formal aubject would use all of the operatlona available 
to him In any particular situation* 

Suzanne K* Denarln 
Richard J* Shumvay 
The Ohio State University 
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